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(54) LIQUID CRYSTAL DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME 



(57) In a liquid crystal display device in which a plu- 
rality of liquid crystal layers are stacked on a substrate, 
a method for bonding a film for sealing liquid crystal to 
supporting members is improved and the fabrication 
cost is thereby reduced, in order to provide a reflective 
type liquid crystal display device that achieves a bright 
display image and causes no parallax problem, and to 
provide a reducing method of the device. The liquid 
crystal display device comprises a substrate, a resin 
film, a multiplicity of columnar supporting members, an 
adhesive layer, and a liquid crystal layer. The substrate 
comprises a pixel electrode and a driving element con- 
nected to the pixel electrode, both formed on the upper 
surface of the substrate. The resin film comprises a 
common electrode provided on the upper surface of the 
film, and is disposed upwardly with respect to the sub- 
strate. The supporting members are provided on the 
substrate so as to support the resin film. The adhesive 
layer is provided between each of the supporting mem- 
bers and the resin film so as to bond the resin film to 
each of the supporting members. The liquid crystal layer 
is produced by filling liquid crystal between the sub- 
strate and the resin film. The adhesive layer is com- 
posed of a thermoplastic material, and characterized in 



that a bonding state of the resin film and the supporting 
members is realized by making the adhesive layer have 
a thermoplastic characteristic. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a liquid crystal 
display device and a method for fabricating the same. 
More specifically, the present invention relates to a liq- 
uid crystal display device which has a plurality of liquid 
crystal layers stacked on a substrate and provides 
bright color images even when it is a reflective type, and 
to a method for fabricating the same. 

BACKGROUND OF THE INVENTION 

(FIRST PRIOR ART) 

[0002] Widely used conventional liquid crystal display 
devices display images by combining twisted nematic 
liquid crystal and a polarizing plate so as to control pen- 
etrating light for each pixel. Conventional liquid crystal 
display devices for displaying color images have micro 
color filters corresponding to adjacent three pixels and 
penetrating red, green, and blue lights by the additive 
process 

[0003] However, in such a conventional liquid crystal 
display device a large amount of light absorption in the 
polarizing plate and the micro color filters causes the 
transmissivity in the entire liquid crystal display device 
to be about 10% or less, making it difficult to provide 
bright display images. In particular, in a reflective type 
liquid crystal display device which utilizes external light, 
the display is likely to be so dark as to make the colors 
unrecognizable. 

[0004] Japanese Laid-open Patent Applications No. 
61-238024 and No. 3-238424 show liquid crystal display 
devices which display bright color images even when 
they are used as reflective type because of a guest host 
mode for controlling the absorption and penetration of 
light for each color by using dichroic dyes. These liquid 
crystal display devices comprise a plurality of stacked 
panels each having a liquid crystal layer containing a 
dichroic dye different from each other. To be more spe- 
cific, the three liquid crystal panels each comprise liquid 
crystal containing dichroic dyes of cyan, magenta, or 
yellow and sealed into between a pair of glass sub- 
strates. When all the panels absorb light, images are 
displayed in black; when all the panels penetrate light, 
images are displayed in white; and when one or two 
panels absorb light, images are displayed in colors. Not 
having a color filter or a polarizing plate for absorbing 
light, the display device with the guest host mode pro- 
vides bright and clear color display and is suitable for a 
reflective type liquid crystal display device. 
[0005] However, the liquid crystal display device com- 
prising a plurality of stacked panels each having a pair 
of glass substrates has the following drawback. When 
the pixels are small, the thickness of the glass sub- 
strates composing each panel becomes relatively large 



as compared with the size of the pixels, and as a result, 
the parallax becomes so influential as to cause uneven- 
ness in color when display images are seen in a diago- 
nal direction. 

5 [0006] In order to solve the unevenness in color due 
to the parallax, a so-called polymer diffusion type liquid 
crystal display device has been proposed as in Japa- 
nese Laid-open Patent Application No. 6-337643. Fig. 
79 shows the polymer diffusion type liquid crystal dis- 

10 play device, which comprises a substrate 1291 and liq- 
uid crystal layers 1295-1297 stacked thereonto by 
solidifying a resist material or polymeric material 1298 
in which a guest host liquid crystal 1299 is dispersedly 
held. The display device further comprises driving elec- 

15 trodes 1292-1294 which correspond to the liquid crystal 
layers 1295-1297, respectively and are connected with 
corresponding driving elements formed on the substrate 
1291. Such a structure requiring no glass substrate 
between adjacent ones of the liquid crystal layers 1 295- 

20 1 297 realizes a liquid crystal display device with a guest 
host mode which is freed of unevenness in color result- 
ing from parallax. 

[0007] However, in the polymer diffusion type liquid 
crystal display device, the guest host liquid crystal 1299 

25 is dispersedly held in the resist material or polymeric 
material 1298, so that the resist material or polymeric 
material 1298 makes up a large proportion of the liquid 
crystal layers 1295-1297 (the guest host liquid crystal 
1299 makes up a small proportion of the liquid crystal 

30 layers 1295-1297). This causes a problem that a sub- 
stantial open area ratio becomes small, making it diffi- 
cult to have a high contrast ratio. 
[0008] Prior to the liquid crystal display device of the 
present invention, the inventors of the present invention 

35 have proposed a liquid crystal display device in Japa- 
nese Laid-open Patent Application No. 9-127057 which 
is shown in Fig. 80. The liquid crystal display device 
comprises a substrate 1101, film-like sealing plates 
1113-1115 stacked on the substrate 1101 while being 

40 supported by supporting members (spacers) 1 1 08- 
1110, and liquid crystals 1125-1127 sealed into 
between the substrate 1 101 and the sealing plate 1113, 
between the sealing plates 1113-1114, and between 
the sealing plates 1114-1115, respectively. The use of 

45 the film-like sealing plates 1113-1115 supportc i by the 
supporting members 1 108-1 110 solves the unevenness 
■in color due to parallax which is caused when glass sub- 
strates are used. Furthermore, the polymeric material 
which is used to hold liquid crystal in the above- men - 

so tioned polymer diffusion type liquid crystal display 
device is not required, so that the liquid crystal makes 
up a large proportion of the liquid crystal layers 1 1 25- 
1127 disposed between adjacent ones of the sealing 
plates 1113-1115. This makes it possible to increase a 

55 substantial open area ratio, thereby increasing the con- 
trast ratio. 

[0009] The supporting members 1108-1110 can be 
formed by applying a photosensitive resin onto each of 
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the substrate 1101 and the sealing plates 1113 and 
1 1 14 and polymerizing and hardening parts of the pho- 
tosensitive resin by mask exposure, where the support- 
ing members 1108-1110 are formed, and then 
eliminating the remaining part of the photosensitive 5 
resin by development. 

[001 0] However, in the liquid crystal display device 
comprising the stacked film-like sealing plates 1113- 
1115, each of the supporting members 1 1 08-1 1 1 0 must 
be formed exactly in the same position as each other in 10 
order to securely support the sealing plates 1113-1115. 
For example, when the supporting members 1 108 are 
formed in different positions from the supporting mem- 
bers 1 109 as shown in Fig. 81(a) due to low precision in 
positioning, these sealing plates are deformed as is 
shown in Fig. 81 (b) by the pressure of bonding the seal- 
ing plate 1114 to the substrate 1101. When the posi- 
tional deviation between the supporting members 1108 
and 1109 is large, the supporting member 1109 of a 
second display layer 1 1 22 encroaches on a first display 20 
layer 1117 as shown in Fig. 81(c) so as to destroy the 
first and second display layers 1117 and 1118. In order 
to avoid this problem, the formation of the supporting 
members 1108-1110 by mask exposure requires mask 
alignment of high precision. 25 
[001 1] Since the supporting members 1 108 and 1 109 
are in the region where the light transmissivity is not 
controlled, it is preferable to make the area for the sup- 
porting members 1 108-1 1 10 in pixels as small as possi- 
ble in order to have a larger open area ratio. This 30 
requires higher precision in mask alignment. To be more 
specific, in the case where the supporting members 
1109 are square pillars of 7jtm x 7^m, the positional 
deviation of Z\xm or more between the supporting mem- 
bers 1108 and 1109 damages the first display layer 35 
1117 and other components as described above. 
Therefore, mask alignment must be performed so as to 
make the positional deviation less than 3|xm. 
[001 2] As a result, the device has a problem that the 
provision of a precision masking process leads to an 40 
increase in the production cost. 

(SECOND PRIOR ART), 

[0013] The inventors of the present invention previ- 45 
ously filed Japanese Laid-open Patent Application No. 
9-127057, which is about a liquid crystal display device 
successfully overcoming the problem of the liquid crys- 
tal display device shown in Fig. 79. The invention 
according to the application is the foundation of the sc 
present invention and comprises a liquid crystal layer 
filled with liquid crystal and disposed between a sub- 
strate and a sealing film, and supporting members for 
supporting the sealing film. The liquid crystal display 
device makes it possible that liquid crystal makes up a st 
larger proportion of the liquid crystal layer and the effec- 
tive open area ratio is increased as compared with con- 
ventional devices, so as to improve the contrast ratio. 
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[0014] Although the invention of the application (Jap- 
anese Laid-open Patent Application No. 9-127057) has 
overcome the problems of the conventional device 
shown in Fig. 79, it has new problems described below. 
In order to solve the new problems, the inventors of the 
present invention have achieved the present invention 
after conducting research and development based on 
the invention of the application (Japanese Laid-open 
Patent Application No. 9-127057). Thus, the present 
invention has overcome the problems of the conven- 
tional device shown in Fig. 79 and further solved the 
new problems of the invention on which the present 
invention is based. 

[0015] The structure and problems of the invention on 
which the present invention is based will be described. 
In the invention, the sealing film is formed onto the sup- 
porting members by either method (1) or method (2). 

(1) The sealing film is formed on the surface of a 
plate-like member and transferred onto the support- 
ing members formed on the substrate. After this, 
the plate-like member is removed. 

(2) A solid film having volatility is formed onto the 
substrate having the supporting members thereon, 
and the sealing film is stacked onto the solid film. 
After this, the solid film is vaporized so as to form a 
gap between the substrate and the sealing film. 

[0016] In method (1 ), when the removal of the sealing 
film is not smooth, the transfer becomes unsuccessful, 
which leads to a decrease in the yield. The cause of this 
is that when the adhesion between the supporting 
members and the transferred film is locally small as 
compared with the force to remove the transferred film 
from the plate-like member, the sealing film cannot be 
successfully transferred. In a pixel part, it is preferable 
to make the area for the supporting members as small 
as possible in order to increase the open area ratio; 
however, when the area for the supporting members is 
small, the bonding area between the supporting mem- 
bers and the transferred film also becomes small, so 
that the small bonding area is exclusively subjected to a 
pressure for removing the film, which makes both the 
transfer and the removal unsuccessful. 
[0017] In method (2), when the solid film is formed on 
the substrate having the supporting members thereon, 
the solid film sometimes thinly covers the suppr-ting 
members, thereby blocking the bonding between the 
supporting members and the sealing film and making 
the sealing film unstable. This leads to a decrease in the 
yield. 

[0018] In these two cases, increasing the area for the 
supporting members in the pixel plane may facilitate the 
bonding between the supporting members and the seal- 
ing film; however, it is accompanied by a decreases in 
the open area ratio, and as a result, the brightness and 
contrast ratio of the liquid crystal display device is low- 
ered so as to deteriorate the display quality. Therefore, 
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the area for the supporting members in pixels is prefer- 
ably 10% or less ol the pixel area. In that case, however, 
the sealing film bonds only to the small area on the sup- 
porting members, leaving the remaining part unstable, 
so that insufficient bonding between the supporting 
members and the sealing film may lead to a decrease in 
a yield. 

[001 9] The process of forming a gap between the sub- 
strate and the sealing film by bonding the sealing film to 
the supporting members arranged on the substrate 
involves a difficult bonding of the sealing film to the lim- 
ited area on the supporting members. 
[0020] In view of the problems hereinbefore, the inven- 
tors of the present invention have found that the prob- 
lems of the invention on which the present invention is 
based can be solved by using a resin film as the sealing 
film and bonding the resin film directly to the supporting 
members. 

[0021] One method of bonding the resin film to the 
substrate is heat sealing. In heat sealing, the substrate 
and the resin film stacked thereonto is passed between 
a pair of rollers of a so-called laminator. The thermo- 
plastic resin film is bonded to the substrate because at 
least one of the rollers is heated. This is an effective way 
to bond the resin film to the substrate without any gap 
therebetween. When the resin film is bonded to the sup- 
porting members as the sealing film by this method, 
either the resin film or the supporting members must be 
thermoplastic. However, when the rollers are heated to 
a temperature at which the resin film exerts the thermo- 
plastic characteristics, the resin film is softened and 
deformed along the shape of the substrate and the sup- 
porting members, failing to be bonded exclusively on 
the supporting members. On the other hand, when the 
rollers are heated to a temperature at which the sup- 
porting members exert the thermoplastic characteris- 
tics, the supporting members are softened and crushed 
by the laminator. When either the resin film or the sup- 
porting members are made thermoplastic like this, a 
gap between the resin film and the substrate for sealing 
liquid crystal thereinto cannot be formed or becomes 
extremely narrow. 

(THIRD PRIOR ART) 

[0022] Liquid crystal display devices are widely used 
as portable information terminal displays because of 
their being thin and light in weight/ Since a liquid crystal 
panel itself is a light-receptive device (a non light-emit- 
ting device), liquid crystal display devices with a liquid 
crystal panel are generally classified into reflective type 
liquid crystal display devices and permeable type liquid 
crystal display devices. The reflective type liquid crystal 
display devices are provided with a reflective plate on 
the back surface of the liquid crystal panel so as to 
reflect external light, whereas the permeable type liquid 
crystal display devices are provided with a back light on 
the back surface of the liquid crystal panel so as to 



project the light from the back light. 
[0023] As well known, liquid crystal can be driven with 
a low voltage of several volts, and the reflective type liq- 
uid crystal display devices, which conduct image display 
5 by using external light instead of a back light consume 
extremely low electric power. 

[0024] When images are displayed in color on a nor- 
mal reflective type liquid crystal panel, micro color filters 
of red, green, and blue are provided on three adjacent 

io pixels so as to perform the additive process. However, 
the color filters have a low light permittivity and requires 
a polarizing plate, and as a result, a reflective type liquid 
crystal display device has a drawback of being incapa- 
ble of displaying images in bright colors. 

75 [0025] In order to realize bright color display without 
using a polarizing plate or color filters, the inventors of 
the present invention proposed reflective type color liq- 
uid crystal display devices including the one disclosed 
in Japanese Laid-open Patent Application No. 6- 

20 286324. These reflective type color liquid crystal display 
devices comprise three guest host liquid crystal layers 
of cyan, magenta, and yellow based on the principle of 
a so-called subtractive process. 

[0026] The reflective type color liquid crystal display 

25 devices will be described as follows. 

[0027] As shown in Fig. 83 a reflective type color liquid 
crystal display device comprises three liquid crystal lay- 
ers 1303-1305 filled with guest host liquid crystals of 
cyan, magenta, and yellow, respectively, and disposed 

30 between a bottom substrate 1301 and a top substrate 
1302. 

[0028] Thin film transistors (hereinafter referred to as 
TFT devices) 1306-1308 and a first pixel electrode 1309 
which also serves as a reflective film are formed on the 

35 bottom substrate 1301. A first photosensitive polyimide 
1310 and a first insulator film 1311 supported by the first 
photosensitive polyimide 1310 are formed further ther- 
eon. A second pixel electrode 1312 and a second pho- 
tosensitive polyimide 1314 are formed on the first 

40 insulator film 131 1 . The second pixel electrode 1312 is 
connected with the TFT device 1307 via an opening 
portion 1313. 

[0029] A third insulator film 1 31 5 is further provided on 
the second photosensitive polyimide 1314 and sup- 

45 ported thereby. A third pixel electrode 1316 and a thud 
photosensitive polyimide 1317 are provided on the third 
insulator film 1315. The third pixel electrode 1316 is 
connected with the TFT device 1308 via an opening 
portion 1318. A common electrode 1319 is provided on 

so the third photosensitive polyimide 1317. The first liquid 
crystal layer 1303 is supplied with a voltage by the first 
and second pixel electrodes 1309 and 1312, the second 
liquid crystal layer 1304 is supplied with a voltage by the 
second and third pixel electrodes 1312 and 1316. and 

55 the third liquid crystal layer 1305 is supplied with a volt- 
age by the third pixel electrode 1316 and the common 
electrode 1319. 

[0030] However, the reflective type color liquid crystal 
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display device leaves room for improvement concerning 
the following. In general, the yield is likely to decrease 
along with the procession of the process of stacking the 
liquid crystal sequentially on the TFT array substrate. 
When there is a detect found in the liquid crystal layers, 
the expensive TFT array substrate must be abandoned 
together with these layers, so that the cost is increased. 
[0031] In the case where simple matrix liquid crystal 
such as TN (Twisted Nematic) or STN (Super Twisted 
Nematic) is used, the formation pattern of the pixel elec- 
trodes provided on the substrate is different depending 
to the type of device, so that an etching process must be 
changed depending on the formation pattern of the pixel 
electrodes. As a result, the formation process of the 
pixel electrodes is complicated and the production cost 
of the liquid crystal panels is boosted, thereby prevent- 
ing the reduction of the production cost. Especially in 
the case of plastic liquid crystal panels, the plastic sub- 
strate itself is more expensive and inferior in heat resist- 
ance to a glass substrate, which makes it difficult to form 
and process transparent electrodes, thereby further 
increasing the cost. 

SUMMARY OF THE INVENTION 

[0032] In view of the current state of the art, the 
present invention has an object of providing a liquid 
crystal display device whose production cost is reduced 
by not requiring a mask alignment process in forming 
supporting members, and whose contrast ratio is 
increased by reducing the area for the supporting mem- 
bers, and further providing a method for fabricating the 
liquid crystal display device. 

[0033] The present invention has another object of 
providing a liquid crystal display device which can be 
used as a reflective type liquid crystal display device for 
its bright display and a high contrast ratio, suffers no 
unevenness in color resulting from parallax, and has an 
improved fabrication yield, and further providing a 
method for fabricating the liquid crystal display device. 
[0034] The present invention has further another 
object of providing a liquid crystal display device which 
has a simplified contact hole formation process and 
secures the connection between the electrodes and the 
conductive members. 

[0035] The present invention has further another 
object of providing a liquid crystal display device which 
prevents or reduces the occurrence of wrinkles of the 
resin films when the electrodes are toned thereon by 
spattering. 

[0036] The present invention has further another 
object of providing a liquid crystal display device which 
offers an improved yield and a reduced fabrication cost, 
and further providing a method for fabricating the liquid 
crystal display device. 

[0037] In order to achieve the objects, the liquid crys- 
tal display device of claim 1 comprises: a substrate hav- 
ing a pixel electrode and a driving element connected to 
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the pixel electrode on a surface of the substrate; a resin 
film being disposed above the substrate and having a 
common electrode on a surface of the resin film; a plu- 
rality of supporting members each being columnar and 

5 standing on the substrate so as to support the resin film; 
an adhesive layer being disposed between the resin film 
and the plurality of supporting members so as to bond 
the resin film to the plurality of supporting members, the 
adhesive layer being made of a thermoplastic material 

io and exerting thermoplastic characteristics so as to bond 
the resin film to the plurality of supporting members; 
and a liquid crystal layer being composed of liquid crys- 
tal and being disposed between the substrate and the 
resin film. 

15 [0038] Since the liquid crystal layer is formed by mak- 
ing a gap between the substrate and the resin film and 
then sealing liquid crystal thereinto, the liquid crystal 
makes up a large proportion of the liquid crystal display 
device. As a result, the substantial open area ratio is 

20 increased, thereby realizing a high contrast ratio and 
bright display. 

[0039] Since the resin film is bonded to the supporting 
members by making the adhesive layer exert thermo- 
plastic characteristics, it is prevented that the gap for 

25 sealing the liquid crystal thereinto is narrowed by the 
deformation of the resin film along the supporting mem- 
bers, so that the gap has a fixed distance between the 
substrate and the resin film. Because the thickness of 
the liquid crystal layer is thus fixed, the display perform- 

30 ance is improved. 

[0040] The liquid crystal display device of claim 2 
comprises: a substrate being transparent and having a 
pixel electrode and a driving element connected to the 
pixel electrode on a surface of the substrate; a plurality 

35 of resin films being stacked above the substrate, an 
uppermost resin film of the plurality of resin films having 
a common electrode on a surface thereof, and remain- 
ing ones of the plurality of resin films each having a pixel 
electrode on a surface thereof; a plurality of liquid crys- 

40 tal layers each being formed by arranging a plurality of 
supporting members each being columnar in each gap 
between the substrate and a lowermost resin film of the 
plurality of resin films and between adjacent ones of the 
plurality of resin films, and by sealing liquid crystal into 

45 the each gap; the substrate having more driving ele- 
ments on the surface thereof, the more driving elements 
being electrically connected to a corresponding one c* 
the pixel electrodes formed on the remaining ones of 
the plurality of resin films via cubic interconnection pro- 

50 vided in relation to each of the pixel electrodes formed 
on the remaining ones of the plurality of resin films; a 
plurality of adhesive layers each being disposed 
between each of the plurality of supporting members 
and each of the plurality of resin films, the plurality of 

55 adhesive layers being made of a thermoplastic material 
and exerting thermoplastic characteristics so as to bond 
each of the plurality of resin films to each of the plurality 
of supporting members; and the supporting members 
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between adjacent ones of the plurality of resin films 
being arranged substantially in same positions as the 
supporting members between the substrate and the 
lowermost resin film with respect to a plane parallel to 
the substrate. 

[0041] The liquid crystal display device has a multi- 
layered structure comprising a plurality of resin films 
which have the same function as the resin film of claim 

1 . Since the supporting members formed between adja- 
cent resin films are arranged in the same position as 
those formed between the substrate and the lowermost 
resin film with respect to the plane parallel to the sub- 
strate, these supporting members are arranged in 
straight lines in the direction vertical to the substrate. As 
a result, the support of each resin film is secured, which 
prevents the positional deviation between the support- 
ing members formed on a layer and those on another 
layer, which would cause the deformation of the sup- 
porting members or the destroy of the liquid crystal lay- 
ers. 

[0042] In the liquid crystal display device of claims 1 
and 2, the plurality of resin films can be made of either 
a material having no thermoplasticity or a material hav- 
ing thermoplasticity and exerting thermoplastic charac- 
teristics at a higher temperature than the plurality of 
adhesive layers; and the plurality of supporting mem- 
bers can be made of either a material having no thermo- 
plasticity, a material having thermoplasticity and 
exerting thermoplastic characteristics at a higher tem- 
perature than the plurality of adhesive layers, or a mate- 
rial being hardened before the plurality of resin films are 
bonded to the plurality of supporting members. 
[0043] A combination of these resin films and the sub- 
strate makes it possible to bond these resin films to the 
substrate without any of them being deformed. 
[0044] In the liquid crystal display device of claim 2, 
three liquid crystal layers and three resin films can be 
stacked, and the liquid crystals composing the three liq- 
uid crystal layers can be guest host liquid crystals each 
containing a dichroic dye, each dichroic dye having a 
different color from remaining dichroic dyes. 
[0045] The above structure realizes a liquid crystal 
display device with full-color.display. 
[0046] In the liquid crystal display device of claims and 

2, the substrate can be a transparent substrate; and the 
plurality of supporting members and the plurality of 
adhesive layers can be a positive type photo resist 
formed by disposing a light shielding film over spots on 
the substrate where the plurality of supporting members 
are arranged and by conducting photolithography using 
the light shielding film as a photo mask. 

[0047] The high precision in positioning the supporting 
members realizes a decrease in the area for the sup- 
porting members and an increase in the contrast ratio. 
[0048] In the multi-layered structure, the positional 
deviation between the supporting members on each 
layer is minimized. 

[0049] In the liquid crystal display device of claims 1 



and 2, the substrate can be a transparent substrate; and 
the plurality of supporting members and the plurality of 
adhesive layers can be a negative type photo resist 
formed by disposing a light shielding film on the sub- 

5 strate excluding spots where the plurality of supporting 
members are arranged and by conducting photolithog- 
raphy using the light shielding film as a photo mask. 
[0050] In the above structure, too, the precision in 
positioning the supporting members is improved. 

10 [0051] In the liquid crystal display device of claims 1 
and 2, the distance between adjacent ones of the plural- 
ity of supporting members arranged in a pixel region, of 
the plurality of supporting members can be in a range of 
1 5 to 1 00 jim. 

75 [0052] The distance between adjacent supporting 
members is limited because of the following reason. 
When the distance is too large, it makes each resin film 
sag between adjacent supporting members and fails to 
maintain the gaps, thereby causing unevenness in color 

20 or a decrease in the contrast ratio. When the distance is 
too small, on the other hand, the open area ratio is 
decreased by too many supporting members. 
[0053] In the liquid crystal display device of claims 1 
and 2, the thickness of the plurality of resin films can be 

25 in a range of 0.5 to 10 >im. 

[0054] The thickness of the resin films is limited 
because of the following reason. When the average 
thickness of the resin films is smaller than 0.5 jtm, the 
resin f ilms are likely to wrinkle, whereas when it is larger 

30 than 1 0 urn, the voltage drop in the resin films becomes 
too large as compared with the voltage supplied to the 
liquid crystal layers. 

[0055] In the liquid crystal display device of claims 1 
and 2, the resistivity of the plurality of resin films can be 

35 10 1o Q*cmorbelow. 

[0056] The resistivity of each resin film is limited 
because when it is larger than 10 10 £2 • cm, the voltage 
drop in each resin film becomes too large as compared 
with the voltage supplied to the liquid crystal layers. 

40 [0057] In the liquid crystal display device of claims 2 
and 5, the plurality of resin films can have optical anisot- 
ropy and are so arranged as to make all slow axes of the 
plurality of resin films be in a same direction. 
[0058] The above structure reduces the light attenua- 

45 tion due to the optical anisotropy of the resin films, 
thereby realizing bright display. 

[0059] In the liquid crystal display device of claims 1 
and 2, the plurality of resin films can have breathability, 
and the common electrode can be made of a metallic 
so material having reflection characteristics and also 
serves as a shading film for preventing oxygen or mois- 
ture in open air from permeating through the uppermost 
resin film. 

[0060] The structure prevents a decrease in display 
55 performance resulting from the permeation of oxygen or 
water in open air into the liquid crystal layers when the 
resin films have breathability. 

[0061] In the liquid crystal display device of claims 1 
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and 2, the plurality of resin films can have breathability, 
and a shading film can be provided on the common 
electrode so as to prevent oxygen or moisture in open 
air from permeating through the uppermost resin film. 
[0062] The structure also prevents a decrease in dis- 
play performance resulting from the permeation of oxy- 
gen or water in open air into the liquid crystal layers 
when the resin films have breathability. 
[0063] In the liquid crystal display device of claims 20 
and 21, the common electrode can be a transparent 
electrode, and the shading film can be made of a metal- 
lic material having reflection characteristics and also 
serve as a reflective plate. 

[0064] The structure does not require a separate 
reflective plate and prevents a decrease in display per- 
formance resulting from the permeation of oxygen and 
the other substances. 

[0065] In the liquid crystal display device of claims 1 
and 2, the common electrode can be a transparent elec- 
trode; a resin layer can be formed on the common elec- 
trode, the resin layer being transparent and having a 
multiplicity of fine convex and concave portions on a 
surface thereof; and a reflective film having a shape of a 
multiplicity of fine convex and concave portions can be 
formed correspondingly on the multiplicity of fine convex 
and concave portions on the surface of the resin layer. 
[0066] The structure makes the reflective film have dif- 
fusive light reflection characteristics, thereby preventing 
a decrease in display performance due to the reflection 
of the light source, as compared with a reflective film 
having specular reflection. 

[0067] The liquid crystal display device of claim 26 
comprises: a substrate having a pixel electrode and a 
driving element connected to the pixel electrode on a 
surface of the substrate; a resin film being disposed 
above the substrate; a plurality of supporting members 
each being columnar and standing on the substrate so 
as to support the resin film; an adhesive layer being dis- 
posed between the resin film and the plurality of sup- 
porting members so as to bond the resin film to the 
plurality of supporting members, the adhesive layer 
being made of a thermoplastic material and exerting 
thermoplastic characteristics so as to bond the resin 
film to the plurality of supporting members; a liquid crys- 
tal layer being composed of liquid crystal and being dis- 
posed between the substrate and the resin film; a resin 
layer being formed on a surface of the resin film, the 
resin layer being transparent and having a multiplicity of 
fine convex and concave portions on a surface thereof; 
and a reflective film having a shape of a multiplicity of 
fine convex and concave portions and being formed cor- 
respondingly on the multiplicity of fine convex and con- 
cave portions on the surface of the resin layer, the 
reflective film also serving as a common electrode. 
[0068] In addition to the effects of preventing a 
decrease in display performance, no separate reflective 
film is required, which reduces the thickness of the liq- 
uid crystal display device and the number of compo- 



nents. 

[0069] The liquid crystal display device of claim 27 
comprises: a substrate having a pixel electrode and a 
driving element connected to the pixel electrode on a 

5 surface of the substrate; a plurality of resin films being 
stacked above the substrate, the plurality of resin films 
each having a pixel electrode on a surface thereof 
except an uppermost resin film of the plurality of resin 
films; a plurality of liquid crystal layers each being 

io formed by arranging a plurality of supporting members 
each being columnar in each gap between the substrate 
and a lowermost resin film of the plurality of resin films 
and between adjacent ones of the plurality of resin films, 
and by sealing liquid crystal into the each gap; the sub- 

15 strate having more driving elements on the surface 
thereof, the more driving elements being electrically 
connected to a corresponding one of the pixel elec- 
trodes formed on the plurality of resin films except the 
uppermost resin film via cubic interconnection provided 

20 in relation to each of the pixel electrodes formed on the 
plurality of resin films except the uppermost resin film; a 
plurality of adhesive layers each being disposed 
between each of the plurality of supporting members 
and each of the plurality of resin films, the plurality of 

25 adhesive layers being made of a thermoplastic material 
and exerting thermoplastic characteristics so as to bond 
each of the plurality of resin films to each of the plurality 
- of supporting members; the supporting members 
between adjacent ones of the plurality of resin films 

30 being arranged substantially in same positions as the 
supporting members between the substrate and the 
lowermost resin film with respect to a plane parallel to 
the substrate; a resin layer being formed on a surface of 
the uppermost resin film, the resin layer being transpar- 

35 ent and having a multiplicity of fine convex and concave 
portions on a surface thereof; and a reflective film hav- 
ing a shape of a multiplicity of fine convex and concave 
portions and being formed correspondingly on the mul- 
tiplicity of fine convex and concave portions on the sur- 

40 face of the resin layer, the reflective film also serving as 
a common electrode. 

[0070] In addition to the effects of preventing a 
decrease in display performance, no separate reflective 
film is required, which reduces the thickness of the liq- 
45 uid crystal display device and the number of compo- 
nents. 

[0071 ] The method for fabricating a liquid crystal dis- 
play device of claim 28 comprises the steps of: arrang- 
ing a plurality of supporting members each being 

so columnar onto a substrate, the substrate being trans- 
parent and having a pixel electrode and a driving ele- 
ment connected with the pixel electrode thereon; 
forming an adhesive layer onto the plurality of support- 
ing members; bonding a resin film to the plurality of sup- 

55 porting members by disposing the resin film onto the 
adhesive layer formed on the plurality of supporting 
members and applying heat to the resin film while main- 
taining a gap between the substrate and the resin film; 
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forming a common electrode onto a surface of the resin 
film; and sealing liquid crystal into the gap between the 
substrate and the resin film. 

[0072] The structure enables the extremely thin resin 
film to be easily bonded onto the supporting members. 
Since the liquid crystal layer is formed between the sub- 
strate and the resin film by sealing liquid crystal there- 
into, the liquid crystal makes up a larger proportion of 
the liquid crystal display device. As a result, the sub- 
stantial open area ratio is increased so as to realize a 
high contrast ratio and bright display. 
[0073] , Furthermore, a decrease in the fabrication 
yield which might be caused in the invention on which 
the present invention is based can be prevented by the 
use of the resin film as a sealing film and the bonding of 
the resin film to the supporting members with the adhe- 
sive layer therebetween. 

[0074] The method for fabricating a liquid crystal dis- 
play device of claim 29 comprises the steps of: arrang- 
ing a plurality of first supporting members on a 
substrate, the substrate being transparent and having a 
pixel electrode and a driving element connected to the 
pixel electrode thereon; forming a first adhesive layer 
onto the plurality first of supporting members; bonding a 
first resin film to the plurality of first supporting members 
by disposing the first resin film onto the first adhesive 
layer formed on the plurality of first supporting members 
and applying heat to the first resin film while maintaining 
a gap between the substrate and the first resin film; 
forming a first opening portion in the first resin film; 
forming a first pixel electrode on the first resin film and 
electrically connecting the first pixel electrode to a cor- 
responding driving element on the substrate via the first 
opening portion; stacking one other resin film or more 
resin films by first stacking a second resin film while 
maintaining a gap between the first resin film and the 
second resin film by arranging a plurality of second sup- 
porting members on the first resin film bonded to the 
plurality of first supporting members; forming a second 
adhesive layer onto the plurality of second supporting 
members; bonding the second resin film to the plurality 
of second supporting members; forming a second 
opening portion in the second resin film; and forming a 
second pixel electrode on the second resin film and 
electrically connecting the second pixel electrode to a 
corresponding driving element formed on the substrate 
via the second opening portion; forming a plurality of 
uppermost supporting members on a resin film last 
stacked in a previous stacking step and disposing an 
uppermost adhesive layer onto the plurality of upper- 
most supporting members so as to bond an uppermost 
resin film to the plurality of uppermost supporting mem- 
bers; forming a common electrode on a surface of the 
uppermost resin film; and sealing liquid crystal into the 
gap between the substrate and the first resin film and 
the gap between adjacent resin films. 
[0075] According to the structure, a liquid crystal dis- 
play device having a multi -layered structure which has 
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the same function as the display device of claim 28 is 
fabricated. 

[0076] In the method for fabricating a liquid crystal dis- 
play device of claim 29, each opening portion can be 
s formed by reactive ion etching. 

[0077] As a result, it is secured to form each opening 
portion in the resin films. 

[0078] In the method for fabricating a liquid crystal dis- 
play device of claims 28 and 29, the step of bonding the 

io first resin to the plurality of first supporting members 
and the step of stacking one other resin film or more 
resin films each can comprise the sub step of pressing 
each resin film with a heated roller. 
[0079] The use of the heated roller secures the bond- 

15 ing of the reins films onto the supporting members 
within a short time. 

[0080] In the method for fabricating a liquid crystal dis- 
play device of claim 32, each adhesive layer can be 
made of a material which exerts thermoplastic charac- 

20 teristics at a lower temperature than each resin film 
exerting thermoplastic characteristics, and the heated 
roller can heat the each resin film to a temperature 
lower than the each resin film exerting thermoplastic 
characteristics and higher than the each adhesive layer 

25 exerting thermoplastic characteristics. 

[0081] According to the structure, the heated roller 
plasticizes each adhesive layer and each resin film is 
bonded to the supporting members via the adhesive 
layer. Since the supporting members and the resin films 

30 do not ptasticize, the deformation of the resin films 
along the supporting members and the destroy of the 
supporting members are prevented. As a result, the 
resin films are easily bonded onto the supporting mem- 
bers while the gaps corresponding to the height of the 

35 supporting members are maintained. 

[0082] In the method for fabricating a liquid crystal dis- 
play device of claim 32, at least a surface of the heated 
roller can be made of a rigid material. 
[0083] According to the structure, the resin films are 

40 smoothly bonded onto the supporting members without 
being encroached by the supporting members. As a 
result, each liquid crystal layer has even thickness, so 
that unevenness and defects in display are prevented. 
[0084] In the method for fabricating a liquid crystal dis- 

45 play device of claim 28, the step of arranging the plural- 
ity of supporting members onto the substrate can 
comprise: forming a light shielding film over spots on a 
surface of the substrate where the plurality of support- 
ing members are arranged; applying a first positive type 

so resist onto the surface of the substrate; exposing the 
first positive type resist from a rear surface of the sub- 
strate using the light shielding film as a photo mask; and 
developing the first positive type resist with a first devel- 
oping solution and hardening the first positive type 

55 resist; and the step of forming the adhesive layer onto 
the plurality of supporting members comprises: apply- 
ing a second positive type resist onto the surface of the 
substrate having the plurality of supporting members 
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thereon; exposing the second positive type resist from 
the rear surface of the substrate using the light shielding 
film as the photo mask; and developing the second pos- 
itive type resist with a second developing solution. 
[0085] Since the structure requires no mask alignment s 
between the adhesive layer and the supporting mem- 
bers, the fabrication of the liquid crystal display device is 
simplified. 

[0086] In the method for fabricating a liquid crystal dis- 
play device of claims 28 and 29, the step of forming an 
adhesive layer and the step of bonding the first resin film 
to the plurality of first supporting members comprise: 
preparing the first resin film applied with an adhesive 
layer; and arranging the first resin film onto the plurality 
of first supporting members with heating so that the sur- 
face applied with the adhesive layer faces the plurality of 
first supporting members; and the step of stacking one 
other resin film or more resin films comprises: preparing 
the second resin film applied with an other adhesive 
layer; and arranging the second resin film onto the plu- 
rality of second supporting members with heating so 
that the surface applied with the other adhesive layer 
faces the plurality of second supporting members. 
[0087] Since the structure does not require the step of 
forming the adhesive layer onto the supporting mem- 
bers, the fabrication of the liquid crystal display device is 
simplified. 

[0088] In the method for fabricating a liquid crystal dis- 
play device of claims 28 and 29, in the step of arranging 
the plurality of supporting members on the substrate, 
supporting members arranged in a pixel region can be 
formed to have more width than height. 
[0089] The structure prevents the supporting mem- 
bers from being crushed by the roller when the support- 
ing members with the resin film stacked thereon passes 
through the laminator. As a result, the fabrication yield is 
increased. 

[0090] In the method for fabricating a liquid crystal dis- 
play device of claims 28 and 29, the thickness of each 
resin film can be in a range of 0.5 to 10 \im. 
[0091] The thickness of each resin film is limited 
because of the following reason. When the average 
thickness of the resin films is smaller than 0.5 fim, the 
resin films are likely to wrinkle, whereas when it is larger 
ti-an 10 jim, the voltage drop in the resin films becomes 
too large as compared with the voltage supplied to the 
liquid crystal layers. 

[0092] In the method for fabricating a liquid crystal dis- 
play device of claims 28 and 29, the main component of 
each resin film can be a polyester resin. 
[0093] The resin films have enough strength not to be 
broken during the fabrication of the liquid crystal display 
device, so that the fabrication yield is increased. Since 
the polyester resin is transparent having a small light 
attenuation in a visible wavelength range, it provides 
bright display as a liquid crystal display device. 
[0094] In the method for fabricating a liquid crystal dis- 
play device of claim 28, in the step of bonding the resin 
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film to the plurality of supporting members, a venthole 
can be formed in order to ventilate the gap between the 
substrate and the resin film. 

[0095] According to the structure, in the process 
involving heating or vacuum evacuation, the ventilation 
through the venthole prevents the resin film from being 
broken by the expansion of the air in the gap between 
the substrate and the resin film. As a result, a decrease 
in the yield is restricted. 

[0096] In the method for fabricating a liquid crystal dis- 
play device of claim 29, in the step of bonding the first 
resin film to the plurality of first supporting members, a 
first venthole can be formed in order to ventilate the gap 
between the substrate and the first resin film; and in the 
step of stacking one other resin film or more resin films, 
a second venthole can be formed in order to ventilate 
the gap between the first resin film and the second resin 
film. 

[0097] According to the structure, in the process 
involving heating or vacuum evacuation, the ventilation 
through the ventholes prevents the resin films from 
being broken by the expansion of the air in the gaps 
between the substrate and the lowermost resin film and 
between adjacent resin films. As a result, a decrease in 
the yield is restricted. 

[0098] In the method for fabricating a liquid crystal dis- 
play device of claim 46, the venthole can be formed by 
leaving a part of the substrate without being bonded to 
the resin film, the part being in a vicinity of a display por- 
tion on the substrate. 

[0099] The structure facilitates the formation of the 
venthole, thereby simplifying the fabrication processes 
of the liquid crystal display device. 
[01 00] In the method for fabricating a liquid crystal dis- 
play device of claim 47, the second venthole can be 
formed by leaving a part of the first resin film without 
being bonded to the second resin film, the part being in 
a vicinity of a display portion on the substrate. 
[0101] The structure facilitates the formation of the 
venthole, thereby simplifying the fabrication processes 
of the liquid crystal display device. 
[01 02] In the method for fabricating a liquid crystal dis- 
play device of claim 49, the internal wall of the venthole 
can be subjected to a treatment for decreasing a sur- 
face tension. 

[01 03] When the process of heating or vacuum evac- 
uating and the process of soaking in the solution are 
alternately performed, the opening and closing of the 
ventholes do not need to be repeated, which simplifies 
the fabrication processes of the liquid crystal display 
device. 

[01 04] In the method for fabricating a liquid crystal dis- 
play device of claim 46, the venthole can be formed by 
bonding the resin film to the substrate in a vicinity of a 
display portion on the substrate so as to once seal the 
gap, and forming a through hole, in a region outside a 
display portion of the resin film. 
[0105] The structure facilitates the formation of the 



EP 0 990 942 A1 



15 



20 



25 



30 



35 



40 



45 



50 



9 



BNSDOCID: <EP 0990942A1 _L> 



17 

venthole, thereby simplifying the fabrication processes 
of the liquid crystal display device. 
[01 06] In the method for fabricating a liquid crystal dis- 
play device of claim 47, the first venthole and the sec- 
ond venthole can be formed by bonding the first resin 
film to the substrate and bonding the second resin film 
to the first resin film in a vicinity of a display portion on 
the substrate so as to once seal the gap between the 
substrate and the first resin fflm and the gap between 
the first resin film and the second resin film, and forming 
a through hole in a region outside a display portion of all 
resin films stacked. 

[0107] The structure facilitates the formation of the 
ventholes, thereby simplifying the fabrication processes 
of the liquid crystal display device. 
[0108] The method for fabricating a liquid crystal dis- 
play device of claims 46 and 47 further comprises the 
step of closing the ventholes. 

[01 09] In the process involving soaking in the solution, 
the solution is prevented from permeating through the 
ventholes, which increases the yield. 
[0110] The method for fabricating a liquid crystal dis- 
play device of claim 56 comprises the steps of: arrang- 
ing a plurality of supporting members each being 
columnar onto a substrate, the substrate being trans- 
parent and having a pixel electrode and a driving ele- 
ment connected with the pixel electrode thereon; 
forming an adhesive layer onto the plurality of support- 
ing members; bonding a resin film to the plurality of sup- 
porting members by disposing the resin film onto the 
adhesive layer formed on the plurality of supporting 
members and applying heat to the resin film while main- 
taining a gap between the substrate and the resin film; 
forming a resin layer whose surface has a multiplicity of 
fine convex and concave portions by applying a photo 
resist onto a surface of the resin film, subjecting the sur- 
face of the resin film to mask exposure, developing, and 
baking; forming a reflective film also serving as a com- 
mon electrode onto the surface of the resin layer; and 
sealing liquid crystal into the gap between the substrate 
and the resin film. 

[01 1 1 ] The structure enables the reflective film having 
diffusion to be easily formed on the resin layer. 
[0112] The method for fabricating a liquid crystal dis- 
play device of claim 57 comprises the steps of: arrang- 
ing a plurality of first supporting members each being 
columnar on a substrate, the substrate being transpar- 
ent and having a pixel electrode and a driving element 
connected to the pixel electrode thereon; forming a first 
adhesive layer onto the plurality of first supporting mem- 
bers; bonding a first resin film to the plurality of first sup- 
porting members by disposing the first resin film onto 
the first adhesive layer formed on the plurality of first 
supporting members and applying heat to the first resin 
film while maintaining a gap between the substrate and 
the first resin film; forming a first opening portion in the 
first resin film; forming a first pixel electrode on the first 
resin film and electrically connecting the first pixel elec- 
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trode to a corresponding driving element on the sub- 
strate via the first opening portion; stacking one other 
resin film or more resin films by first stacking a second 
resin film while maintaining a gap between the first resin 

5 film and the second resin film by arranging a plurality of 
second supporting members on the first resin film 
bonded to the plurality of first supporting members; 
forming a second adhesive layer onto the plurality of 
second supporting members; bonding the second resin 

70 film to the plurality of second supporting members; 
forming a second opening portion in the second resin 
film; and forming a second pixel electrode on the sec- 
ond resin film and electrically connecting the second 
pixel electrode to a corresponding driving element 

15 formed on the substrate via the second opening portion; 
forming a plurality of uppermost supporting members 
on a resin film last stacked in a previous stacking step 
and disposing an uppermost adhesive layer onto the 
plurality of uppermost supporting members so as to 

20 bond an uppermost resin film to the plurality of upper- 
most supporting members; forming a resin layer whose 
surface has a multiplicity of fine convex and concave 
portions by applying a photo resist onto a surface of the 
uppermost resin film, subjecting the surface of the 

25 uppermost resin film to mask exposure, developing, and 
baking; forming a reflective film also serving as a com- 
mon electrode onto the surface of the resin layer; and 
sealing liquid crystal into the gap between the substrate 
and the first resin film and the gap between adjacent 

30 resin films. 

[01 1 3] The structure enables the reflective film having 
diffusion to be easily formed above the liquid crystal 
layer. 

[0114] The liquid crystal display device of claim 58 
35 comprises: 

a plurality of resin films being stacked, the plurality 
of resin films including at least two resin films hav- 
ing electrodes thereon; liquid crystal layers each 

40 arranged between adjacent ones of the plurality of 
resin films stacked; a contact hole being formed so 
as to penetrate all of the plurality of resin films; at 
least part of each of predetermined electrodes of 
the electrodes being projected and exposed inside 

45 the contact hole; and the part of each of predeter- 
mined electrodes being in contact with a conductive 
member formed on an internal surface of the con- 
tact hole so as to connect the predetermined elec- 
trodes electrically. 

so 

[01 1 5] Since the contact hole is formed so as to pen- 
etrate all the resin films stacked, any electrodes on the 
resin films can be connected with each other. The con- 
ductive member and the electrodes have a large contact 
55 area because the conductive member is in contact with 
the exposed parts of the electrodes. Consequently, the 
connection between the conductive member and the 
electrodes is secured, making it possible to realize a liq- 
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uid crystal display device with reliable electric connec- 
tion. 

[0116] In the liquid crystal display device of claim 58, 
the plurality of resin films can at least include a first resin 
film and a second resin film arranged above the first 
resin film; the contact hole can have a larger size in the 
second resin film than in the first resin film; and the elec- 
trode on the first resin film can be projected and 
exposed inside the contact hole. 
[0117] The internal surface of the contact hole is 
formed to have some steps and the electrode on the first 
resin film has a surface with steps. As a result, the con- 
nection between the electrode and the conductive 
member is secured. 

[0118] The liquid crystal display device of claim 60 
comprises a plurality of resin films being stacked and 
having electrodes thereon, and liquid crystal layers 
each being arranged between adjacent ones of the plu- 
rality of resin films, wherein a plurality of contact holes 
being formed so as to penetrate all of the plurality of 
resin films; and predetermined electrodes of the elec- 
trodes being electrically connected via each conductive 
member formed on an internal surface of each of the 
plurality of contact holes. 

[0119] Since some electrodes are connected in each 
contact hole, desired electrodes can be connected with 
each other. This structure is effective when complicated 
cubic interconnection is required. 
[0120] In the liquid crystal display device of claim 60, 
part of each of the predetermined electrodes can be 
exposed inside the plurality of contact holes so as to be 
connected with the each conductive member. 
[0121] The conductive members and the electrodes 
have a large contact area because the conductive mem- 
bers are in contact with the exposed parts of the elec- 
trodes. Consequently, the connection between the 
conductive members and the electrodes is secured. 
[0122] In the liquid crystal display device in accord- 
ance with claim 61 , the part of each of the predeter- 
mined electrodes can be projected and exposed inside 
the plurality of contact holes. 

[0123] Since part of each electrode is projected and 
exposed inside the contact holes, the conductive mem- 
bers and the electrodes have a larger contact area. 
Consequently, the connection between the conductive 
members and the electrodes is secured. 
[0124] The liquid crystal display device of claim 63 
comprises: 

a substrate at least having a first driving element 
and a second driving element thereon; at least a 
first resin film having a first electrode thereon and a 
second resin film having a second electrode ther- 
' eon, the second resin film being stacked on the first 
resin film; and liquid crystal layers each arranged 
between the substrate and the first resin film and 
between the first resin film and the second resin 
film; at least a first contact hole and a second con- 



tact hole each penetrating at least the first resin film 
and the second resin film when the first resin film 
and the second resin film are stacked on the sub- 
strate; a first conductive member being formed on 

5 an internal surface of the first contact hole in order 

to electrically connect the first driving element and 
the first electrode; and a second conductive mem- 
ber being formed on an internal surface of the sec- 
ond contact hole in order to electrically connect the 

to second driving element and the second electrode. 

[0125] The electric connection between the driving 
elements and the electrodes makes it possible to con- 
trol the voltage supply to the electrodes by the driving 
75 elements. 

[0126] In the liquid crystal display device of claim 63, 
part of each of the first electrode and the second elec- 
trode can be exposed inside the first contact hole and 
the second contact hole so as to be connected with the 
20 first conductive member and the second conductive 
member. 

[01 27] The structure secures the connection between 
the first and second conductive members and the first 
and second electrodes. 

25 [0128] In the liquid crystal display device of claim 64, 
the part of each of the first electrode and the second 
electrode can be projected and exposed inside the first 
contact hole and the second contact hole. 
[01 29] Since part of each of the first and second elec- 

30 trodes is projected and exposed inside the contact 
holes, the conductive members and these electrodes 
have a larger contact area. As a result, the connection 
between the conductive members and the first and sec- 
ond electrodes is secured. 

35 [01 30] In the liquid crystal display device of claim 65, 
the first contact hole and the second contact hole can 
have a larger size in the second resin film than in the 
first resin film. 

[0131] The internal surface of each contact hole is 
40 formed to have steps and the electrode on the first resin 
film has a surface with steps. As a result, the connection 
between the electrodes and the conductive members is 
secured. 

[0132] The liquid crystal display device of claim 67 
45 comprises: 

a substrate having a pixel electrode and a pixel 
switching element connected to the pixel electrode 
thereon; a plurality of resin films being stacked on 

so the substrate, an uppermost resin film of the plural- 
ity of resin films having a common electrode ther- 
eon and remaining ones of the plurality of resin 
films having pixel electrodes thereon; a plurality of 
liquid crystal layers each being arranged between 

55 the substrate and a lowermost resin film of the plu- 
rality of resin films and between adjacent ones of 
the plurality of resin films; a plurality of driving ele- 
ments being arranged on the substrate and a corre- 
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sponding one of the pixel electrodes arranged on 
the remaining ones of the plurality of resin films; a 
plurality of cubic interconnection pads each being 
arranged between the substrate and the lowermost 
resin film and between adjacent ones of the plural- 
ity of resin films; a plurality of contact holes each 
penetrating all of the plurality of cubic interconnec- 
tion pads and all of the plurality of resin films and 
corresponding to one of the pixel electrodes; and a 
plurality of conductive members each being formed 
on an internal surface of a corresponding one of the 
plurality of contact holes so as to electrically con- 
nect each of the plurality of driving elements to a 
corresponding one of the pixel electrodes. 

[013^3 The structure makes it possible to control the 
voltage supply to each pixel electrode by the driving ele- 
ments on the substrate, thereby obtaining a liquid crys- 
tal display device having a multi-layered structure with 
resin films. 

[0134] In the liquid crystal display device of claim 67, 
part of each of the pixel electrodes can be exposed 
inside a corresponding one of the plurality of contact 
holes so as to be connected with a corresponding one 
of the plurality of conductive members. 
[0135] The conductive members and the pixel elec- 
trodes have a large contact area because the conduc- 
tive members are in contact with the exposed parts of 
the electrodes. Consequently, the connection between 
the conductive members and the electrodes is secured, 
making it possible to realize a liquid crystal display 
device with reliable electric connection. 
[0136] In the liquid crystal display device of claim 68, 
the part of each of the pixel electrodes can be projected 
and exposed inside the corresponding one of the plural- 
ity of contact holes. 

[0137] Since part of each pixel electrode is projected 
and exposed inside a corresponding contact hole, the 
conductive members and the pixel electrodes have a 
larger contact area. As a result, the connection between 
the pixel electrode and the conductive members is 
secured. 

[0138] In the liquid crystal display device of claim 69, 
the plurality of contact holes can have a larger size in 
upper retain films than in lower resin films of the plurality 
of resin films. 

[0139] The internal surface of each contact hole is 
formed to have steps and the electrodes on lower resin 
films each have a surface with steps. As a result, the 
connection between the electrodes and the conductive 
members is secured. 

[0140] In the liquid crystal display device of claims 58, 
59, 65, and 69. the electrodes can be made of a mate- 
rial resistant to dry etching, and the contact holes can 
be formed by a dry etching treatment. 
[0141] By the dry etching treatment, the electrodes 
are projected and exposed inside the contact holes. 
[0142] The method for fabricating a liquid crystal dis- 



play device of claim 75 comprises the steps of; stacking 
a plurality of resin films having electrodes thereon; form- 
ing a plurality of contact holes each penetrating all of the 
plurality of resin films; and filling the plurality of contact 

5 holes with a conductive member so as to electrically 
connect predetermined ones of the electrodes each 
other via the conductive member. 
[0143] The structure makes desired electrodes be 
connected with each other by performing the contact 

io hole formation process only once, thereby simplifying 
the process as compared with the conventional meth- 
ods. 

[0144] The method for fabricating a liquid crystal dis- 
play device of claim 76 comprises the steps of: stacking 
15 a first resin film having a first electrode thereon and a 
second resin film having a second electrode thereon in 
that order onto a substrate having at least a first driving 
element and a second driving element; 

20 forming a first contact hole and a second contact 
hole each penetrating at least the first resin film and 
the second resin film; and filling the first contact 
hole with a first conductive member and filling the 
second contact hole with a second conductive 

25 member so as to connect the first driving element 
and the first electrode via the first conductive mem- 
ber and to connect the second driving element and 
the second electrode via the second conductive 
member. 

30 

[0145] The structure makes desired electrodes be 
connected with the driving elements by performing the 
contact hole formation process only once, thereby sim- 
plifying the process as compared with the conventional 
35 methods. 

[0146] The method for fabricating a liquid crystal dis- 
play device of claim 77 comprising a plurality of resin 
films being stacked and having electrodes made from a 
material resistant to dry etching thereon; and a contact 

40 hole penetrating the plurality of resin films so as to elec- 
trically connect predetermined electrodes of the elec- 
trodes, the method comprising the steps of: forming 
only the predetermined electrodes onto corresponding 
ones of the plurality of resin films, and removing part of 

45 each of the predetermined electrodes where the contact 
hole is formed in a manner that the part removed is 
larger in upper ones of the plurality of resin films; and 
forming the contact hole by dry etching. 
[0147] The electrodes have resistance to dry etching 

so and the resin films do not, so that only the resin films are 
removed by the dry etching. Only the predetermined 
electrodes in the region to form the contact hole are 
removed largely in upper electrodes. As a result, when 
the contact hole is formed, only the predetermined elec- 

55 trodes are projected and exposed inside the contact 
hole. Consequently, the connection between the prede- 
termined electrodes and the conductive members is 
secured, which improves the reliability of the connection 
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between the predetermined electrodes. 
[0148] The liquid crystal display device of claim 78 
comprises: a resin film; a wrinkle reduction layer being 
formed on the resin film and having a shock resistance 
to spattering; and an electrode being made of an inor- 
ganic material and formed on the wrinkle reduction layer 
by spattering. 

[0149] The structure makes it possible to prevent the 
resin film from wrinkling when the electrode made of an 
inorganic material such as ITO is formed thereon by 
spattering. 

[0150] In the liquid crystal display device of claim 78, 
the thickness of the resin film can be less than 10 j^m. 
[0151] The thickness of the resin film is limited 
because of the following reason. When the thickness is 
smaller than 10 urn, the resin film is likely to wrinkle 
unless the wrinkle reduction layer is provided because 
its shock resistance is too small . 

[0152] In the liquid crystal display device of claim 78, 
the wrinkle reduction layer can be made of either an 
organic resin containing silica particles or an acrylic 
resin. 

[0153] The organic resin containing silica particles 
and the acrylic resin securely prevent the resin film from 
wrinkling because they have large shock resistance to 
spattering. 

[0154] In the liquid crystal display device of claim 78, 
the resin film can be arranged on a substrate with a 
spacer therebetween so as to keep a gap between the 
resin film and the substrate, the gap being filled with liq- 
uid crystal. 

[0155] According to the structure, a liquid crystal dis- 
play device with a wrinkle-free resin film is realized. As 
a result, the display characteristics are improved, with 
no unnecessary diffusion caused by a wrinkled resin 
film. 

[0156] The liquid crystal display device of claim 82 
comprises: a substrate being made of a transparent 
material and having a reflective film thereon; a sealing 
plate being formed so as to face the reflective film 
formed on the substrate; a liquid crystal layer being dis- 
posed between the substrate and the sealing plate; an 
opening portion formed pn the reflective film; and a sup- 
porting member supporting the sealing plate and being 
arranged in a position between the substrate and the 
sealing plate, the position corresponding to the opening 
portion of the reflective film, and the supporting member 
being formed by exposing a photosensitive resin via the 
opening portion. 

[01 57] The high precision in positioning the supporting 
member makes it possible to reduce the area for the 
supporting member, thereby increasing the contrast 
ratio. 

[0158] In the liquid crystal display device of claim 82. 
the photosensitive resin can be a negative type resist. 
[0159] The supporting member is easily obtained by 
exposing the photosensitive resin through the opening 
portion. 



[01 60] In the liquid crystal display device of claim 83, 
the liquid crystal layer can comprise a polymer and liq- 
uid crystal which is dispersedly held in the polymer. 
[0161] This structure realizes a liquid crystal display 
5 device in which the sealing plate is securely fixed onto 
the supporting member by the polymer in the liquid 
crystal layer. 

[0162] In the liquid crystal display device of claim 82, 
the photosensitive resin can be a photosensitive poly- 

io mer precursor contained in a mixture solution compris- 
ing liquid crystal for composing the liquid crystal layer 
and the photosensitive polymer precursor. 
[0163] The liquid crystal layer is made from the liquid 
crystal which is left unconsumed for the formation of the 

is supporting member by the exposure of the mixture solu- 
tion, so that the obtained liquid crystal display device 
has a large substantial open area ratio and a high con- 
trast ratio. 

[0164] In the liquid crystal display device of claim 82, 

20 a plurality of liquid crystal layers and a plurality of seal- 
ing plates can be arranged alternately on the substrate, 
and a plurality of supporting members for supporting the 
plurality of sealing plates can be each arranged in each 
position between adjacent ones of the plurality of seal- 

25 ing plates, the each position corresponding to the open- 
ing portion of the reflective film, the plurality of 
supporting members being formed by exposing the pho- 
tosensitive resin via the opening portion. 
[01 65] As a result, a liquid crystal display device which 

30 can display color images is achieved. 

[0166] In the liquid crystal display device of claim 86, 
three liquid crystal layers and three sealing plates can 
be arranged alternately, and the three liquid crystal lay- 
ers each can have guest host liquid crystal containing 

35 liquid crystal and a dichroic dye having a color of cyan, 
magenta, or yellow, each dichroic dye having a different 
color from remaining dichroic dyes. 
[01 67] As a result, a liquid crystal display device which 
can display full-color images is achieved. 

40 [01 68] The method for fabricating a liquid crystal dis- 
play device of claim 88 comprises the steps of: forming 
a reflective film having an opening portion onto a trans- 
parent substrate; forming a photosensitive resin layer 
onto the substrate having the reflective film thereon; 

45 exposing the photosensitive resin layer from the sub- 
strate side via the opening portion of the reflective film 
so as to be hardened; forming a supporting member by 
removing part of the photosensitive resin layer by devel- 
oping, the part being prevented from being exposed due 

so to shielding of the reflective film; bonding a sealing plate 
to the supporting member; and forming a liquid crystal 
layer between the substrate and the sealing plate by 
sealing liquid crystal thereinto. 

[0169] The supporting member is securely formed in 
55 the position of the opening portion so as to increase its 
positional precision, so that the area for the supporting 
member can be reduced without damaging the liquid 
crystal layer by the positional deviation of the supporting 
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member. As a result, a liquid crystal display device with 
a high contrast ratio is obtained. Furthermore, mask 
alignment becomes unnecessary because no mask is 
used, so that the fabrication cost is reduced. 
[01 70] In the method for fabricating a liquid crystal dis- s 
play device of claim 88, the photosensitive resin layer 
can be made from a negative type resist. 
[01 71 ] Since the structure allows the supporting mem- 
ber to be made of a common material, it can be formed 
easily and at a lower cost. io 
[01 72] In the method for fabricating a liquid crystal dis- 
play device of claim 88. the step of forming the liquid 
crystal layer can comprise the sub steps of: sealing a 
mixture solution into between the substrate and the 
sealing plate, the mixture solution containing liquid crys- is 
tal and a photosensitive polymer precursor; and expos- 
ing the mixture solution from the sealing plate side so as 
to harden the polymer precursor contained in the mix- 
ture solution, thereby forming the liquid crystal layer 
comprising polymer and the liquid crystal dispersediy so 
held in the polymer, and also fixing the sealing plate 
onto the substrate. 

[0173] As a result, the sealing plate is easily and 
securely fixed to the substrate by using the polymer 
hardened by exposure. 25 
[01 74] In the method for fabricating a liquid crystal dis- 
play device of claim 88. the step of bonding the sealing 
plate to the supporting member can comprise the sub 
steps of: applying an adhesive agent onto at least one 
of the supporting member and the sealing plate; and fix- 30 
ing the sealing plate onto the substrate. 
[01 75] In the method for fabricating a liquid crystal dis- 
play device of claim 91 , at least one of the sealing plate 
and the supporting member can be made of a material 
plasticized by at least one of heat and pressure; and the 35 
step of fixing the sealing plate onto the substrate can be 
conducted by applying at least one of heat and pressure 
while the sealing plate is being in close contact with the 
supporting member. 

[01 76] The sealing plate is easily and securely fixed to 40 
the substrate without using the mixture solution contain- 
ing liquid crystal and the photosensitive polymer precur- 
sor. As a result, the area for the liquid crystal in the liquid 
crystal layer is increased in order to increase the sub- 
stantial open area ratio, which realizes a liquid crystal 45 
display device having a higher contrast ratio. 
[01 77] In the method for fabricating a liquid crystal dis- 
play device of claim 88, at least one other liquid crystal 
layer can be formed by conducting the steps of: forming 
a second photosensitive resin layer onto the sealing so 
plate; exposing the second photosensitive resin layer 
via the opening portion of the reflective film and the sup- 
porting member from the substrate side so as to be 
hardened; forming a second supporting member by 
removing part of the second photosensitive resin layer 55 
by developing, the part being prevented from being 
exposed by shielding of the reflective film; bonding a 
second sealing plate to the second supporting member; 



and toning a second liquid crystal layer between the 
sealing plate and the second sealing plate by sealing 
liquid crystal thereinto (claim 93). 
[01 78] As a result, a liquid crystal display device which 
can display color images is achieved. 
[0179] The method for fabricating a liquid crystal dis- 
play device of claim 94 comprises the steps of: forming 
a reflective film having an opening portion onto a trans- 
parent substrate; arranging a supplemental supporting 
member in a predetermined region on the substrate, the 
predetermined region is outside the opening portion of 
the reflective film; bonding a sealing plate to the supple- 
mental supporting member; sealing a mixture solution 
into between the substrate and the sealing plate, the 
mixture solution containing liquid crystal and a photo- 
sensitive polymer precursor; and forming a supporting 
member by exposing the mixture solution from the sub- 
strate side via the opening portion and precipitating the 
polymer precursor contained in the mixture solution in a 
position corresponding to the opening portion so as to 
harden the polymer precursor, and also making a liquid 
crystal layer from the liquid crystal contained in the mix- 
ture solution left unused for formation of the supporting 
member. 

[0180] The supporting member is securely formed in 
the position of the opening portion so as to increase its 
positional precision, so that the area for the supporting 
member can be reduced without damaging the liquid 
crystal layer by the positional deviation of the supporting 
member. Furthermore, the liquid crystal layer is made 
from the liquid crystal which is left unconsumed for the 
formation of the supporting member by the exposure of 
the mixture solution, so that the obtained liquid crystal 
display device has a large substantial open area ratio 
and a high contrast ratio. In addition, mask alignment 
becomes unnecessary because no mask is used, so 
that the fabrication cost is reduced. 
[01 81 ] In the method for fabricating a liquid crystal dis- 
play device of claim 94. the step of arranging the sup- 
plementary supporting member can comprise the sub 
steps of: forming a negative type resist layer onto the 
substrate having the reflective film thereon; exposing 
the negative type resist layer via a predetermined mask 
pattern from an opposite side of the substrate so as to 
be hardened; and removing part of the negative type 
resist layer by developing, the part being prevented form 
being exposed by shielding of the mask pattern. 
[0182] Since the structure allows the supplemental 
supporting member to be made of a common material, 
it can be formed easily and at a lower cost. 
[01 83] In the method for fabricating a liquid crystal dis- 
play device of claim 94, at least one other liquid crystal 
layer can be toned by conducting the steps of: forming a 
second supplemental supporting member in a position 
corresponding to the supplemental supporting member 
formed on the sealing plate; bonding a second sealing 
plate onto the second supplemental supporting mem- 
ber; sealing a second mixture solution into between the 
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sealing plate and the second sealing plate, the second 
mixture solution containing liquid crystal and a photo- 
sensitive polymer precursor; and forming a second sup- 
porting member by exposing the second mixture 
solution from the substrate side via the opening portion 
and the supporting member and precipitating the poly- 
mer precursor contained in the second mixture solution 
in a position corresponding to the opening portion so as 
to be hardened, and also making a second liquid crystal 
layer from the liquid crystal contained in the second mix- 
ture solution left unused for formation of the second 
supporting member. 

[0184] As a result, a liquid crystal display device which 
can display color images is achieved. 
[0185] The method for fabricating a liquid crystal dis- 
play device of claim 97 comprises the steps of: forming 
a reflective film having an opening portion onto a sub- 
strate, the opening portion comprising a first opening 
portion and a second opening portion; forming a photo- 
sensitive resin layer onto the substrate having the 
reflective film thereon; covering the second opening 
portion with a first masking member from the substrate 
side, and exposing the photosensitive resin layer via the 
first opening portion from the substrate side so as to be 
hardened; forming a first-part supporting member of a 
supporting member by removing part of the photosensi- 
tive resin layer by developing, the part being prevented 
from being exposed by shielding of the reflective film 
and the first masking member; bonding a sealing plate 
to the first-part supporting member; sealing a mixture 
solution into between the substrate and the sealing 
plate, the mixture solution containing liquid crystal and a 
photosensitive polymer precursor; and forming a sec- 
ond-part supporting member of the supporting member 
by covering the first opening portion with a second 
masking member, exposing the mixture solution from 
the substrate side via the second opening portion, and 
precipitating the polymer precursor contained in the 
mixture solution in a position corresponding to the sec- 
ond opening portion so as to be hardened, and also 
making a liquid crystal layer from the liquid crystal con- 
tained in the mixture solution left unused for formation of 
the second-part supporting member. 
[0186] The first-part supporting member makes the 
gap between the substrate and the sealing plate have 
uniform thickness so as to keep the balance of the dis- 
play colors of the liquid crystal display device. Further- 
more, the liquid crystal layer is made from the liquid 
crystal which is left unconsumed for the formation of the 
supporting member by the exposure of the mixture solu- 
tion, so that the obtained liquid crystal display device 
has a large substantial open area ratio and a high con- 
trast ratio. 

[01 87] In the method for fabricating a liquid crystal dis- 
play device of claim 97, at least one other liquid crystal 
layer can be formed by conducting the steps of: forming 
a second photosensitive resin layer onto the sealing 
plate; covering the second opening portion with the first 



masking member from the substrate side, and exposing 
the second photosensitive resin layer via the first open- 
ing portion and the first-part supporting member from 
the substrate side so as to be hardened; forming an 

5 additional first-part supporting member by removing 
part of the second photosensitive resin layer by devel- 
oping, the part being prevented form being exposed by 
shielding of the reflective film and the first masking 
member; bonding a second sealing plate to the addi- 

io tional first-part supporting member; sealing a second 
mixture solution into between the sealing plate and the 
second sealing plate, the second mixture solution con- 
taining a liquid crystal and a photosensitive polymer 
precursor; and forming an additional second-part sup- 

/5 porting member by covering the first opening portion 
with the second masking member from the substrate 
side, exposing the second mixture solution from the 
substrate side via the second opening portion and the 
second-part supporting member, and precipitating a 

20 polymer precursor contained in the second mixture 
solution in a position corresponding to the second open- 
ing portion so as to be hardened, and also making a 
second liquid crystal layer from the liquid crystal con- 
tained in the second mixture solution left unused for for- 

25 mation of the additional second-part supporting 
member. 

[01 88] As a result, a liquid crystal display device which 

can display color images is achieved. 

[0189] The liquid crystal display device of claim 99 

30 comprises: a substrate made of a transparent material; 
a sealing plate arranged so as to face the substrate; a 
liquid crystal layer disposed between the substrate and 
the sealing plate; a light shielding film is toned on a pre- 
determined region of the substrate; and a supporting 

35 member supporting the sealing plate and being 
arranged in a position between the substrate and the 
sealing plate where the light shielding film is formed, the 
supporting member being formed by exposing part of a 
photosensitive resin where the light shielding film is not 

40 formed. 

[0190] Since the supporting member has high posi- 
tional precision, the area for the supporting member can 
be reduced so as to increase the contrast ratio. 
[0191] In the liquid crystal display device of claim 99, 
45 the photosensitive resin can be a positive type resist, 
and the light shielding film can be made of a black 
resist. 

[01 92] The supporting member can be easily obtained 
by exposing the part of the photosensitive resin where 

so the light shielding f ilm is not formed. 

[0193] In the liquid crystal display device of claim 99, 
the liquid crystal layer can comprise a polymer and liq- 
uid crystal which is dispersedly held in the polymer. 
[01 94] In the obtained liquid crystal display device, the 

55 sealing plate is securely fixed onto the supporting mem- 
ber by the polymer contained in the liquid crystal layer. 
[01 95] In the liquid crystal display device of claim 99, 
a plurality of liquid crystal layers and a plurality of seal- 
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ing plates can be arranged alternately on the substrate, 
and a plurality of supporting members for supporting the 
plurality of sealing plates can be each arranged in each 
position between adjacent ones of the plurality of seal- 
ing plates, where the light shielding film is formed, the 
plurality of supporting members being formed by expos- 
ing the photosensitive resin via the part where the light 
shielding film is not formed. 

[01 96] As a result, a liquid crystal display device which 
can display color images is achieved. 
[0197] The method for fabricating a liquid crystal dis- 
play device of claim 104 comprises the steps of: forming 
a light shielding film in a predetermined region on a sub- 
strate; forming a photosensitive resin layer onto the sub- 
strate having the light shielding film thereon; exposing 
part of the photosensitive resin layer from the substrate 
side, the part corresponding to a region on the substrate 
where the light shielding film is not formed; removing an 
exposed part of the photosensitive resin layer by devel- 
oping, thereby forming a supporting member in a posi- 
tion corresponding to the predetermined region where 
the light shielding film is formed; bonding a sealing plate 
to the supporting member; and forming a liquid crystal 
layer between the substrate and the sealing plate by 
sealing liquid crystal thereinto. 

[0198] The supporting member is securely formed in 
the position corresponding to the opening portion so as 
to increase its positional precision, so that the area for 
the supporting member can be reduced without damag- 
ing the liquid crystal layer by the positional deviation of 
the supporting member. As a result, the obtained liquid 
crystal display device has a high contrast ratio. In addi- 
tion, mask alignment becomes unnecessary because 
no mask is used, so that the fabrication cost is reduced. 
[0199] In the method for fabricating a liquid crystal dis- 
play device of claim 104, the photosensitive resin layer 
can be made of a positive type resist. 
[0200] Since the structure allows the supporting mem- 
ber to be made of a common material, it can be formed 
easily and at a lower cost. 

[0201 ] In the method for fabricating a liquid crystal dis- 
play device of claim 104, the step of forming the liquid 
crystal layer can comprise the sub steps of: sealing a 
mixture solution into between the substrate and the 
sealing plate, the mixture solution containing liquid crys- 
tal and a photosensitive polymer precursor; and expos- 
ing the mixture solution from the sealing plate side so as 
to harden the polymer precursor contained in the mix- 
ture solution, thereby forming the liquid crystal layer 
comprising polymer and liquid crystal dispersedly held 
in the polymer, and also fixing the sealing plate onto the 
substrate. 

[0202] As a result, the sealing plate is easily and 
securely fixed to the substrate by using the polymer 
hardened by exposure. 

[0203] In the method for fabricating a liquid crystal dis- 
play device of claim 104, at least one other liquid crystal 
layer can be formed by conducting the steps of: forming 



a second photosensitive resin layer onto the sealing 
plate; exposing part of the second photosensitive resin 
layer, the part corresponding to the region of the sub- 
strate where the light shielding film is not formed; 

5 removing an exposed part of the second photosensitive 
resin layer, thereby forming a second supporting mem- 
ber in a position corresponding to the predetermined 
region where the light shielding film is formed; bonding 
a second sealing plate to the second supporting mem- 

10 ber; and forming a second liquid crystal layer between 
the sealing plate and the second sealing plate by seal- 
ing liquid crystal thereinto. 

[0204] As a result, a liquid crystal display device which 
can display color images is achieved. 

75 [0205] The liquid crystal display of claim 108 com- 
prises: a display layer being composed of a substrate 
having a common electrode on an internal surface 
thereof, a sealing plate supported by a supporting mem- 
ber arranged on the common electrode, a liquid crystal 

20 layer formed between the. substrate and the sealing 
plate by sealing liquid crystal thereinto, and a pixel elec- 
trode disposed on a surface of the sealing plate, the sur- 
face being opposite the liquid crystal layer; an array 
substrate having a non-linear element for driving the liq- 

25 uid crystal layer and an output electrode being electri- 
cally connected with the non-linear element and 
supplying the pixel electrode with a driving voltage for 
driving the liquid crystal layer, the array substrate being 
disposed so as to face the substrate; a connection 

30 means having a function of electrical connection and a 
function of fixed connection, the connection means 
electrically connecting the pixel electrode and the driv- 
ing electrode, and fixedly connecting the display layer 
and the array substrate. 

35 [0206] According to the liquid crystal display device, 
the display layer comprising the liquid crystal layer is fix- 
edly connected to the array substrate having a non-lin- 
ear element by the connection means, unlike the 
conventional liquid crystal display device in which liquid 

40 crystal layers are formed on an array substrate compris- 
ing a non-linear element. Since the display layer and the 
array substrate are independent of each other, even 
when a display defect is detected in the liquid crystal 
layer or other components, the array substrate having 

45 the non-linear element does not have to be abandoned. 
As a result, a liquid crystal display device with an 
improved yield is realized at a low cost. 
[0207] Furthermore, in the liquid crystal display 
device, the connection means electrically connects the 

so pixel electrode on the display layer to the driving elec- 
trode which is connected to the non-linear element. 
Since the two-dimensional relative position of the pixel 
electrode and the driving electrode may be within a 
range of their being connected by the connection 

55 means, the positional precision does not have to be so 
high. The fixed connection between the array substrate 
and the display layer by the connection means is per- 
formed by bonding, heat depositing, pressing, or the 
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tike. 

[0208] In the liquid crystal display device of claim 1 08, 
the connection means can be made of an anisotropic 
conductive adhesive material. 

[0209] The use of the anisotropic conductive adhesive 
as the connection means enables the pixel electrode on 
the display layer to be electrically connected with the 
driving electrode on the array substrate, and prevents 
the anisotropic conductive adhesive from short 
circuiting because it is conductive only in the thickness 
direction. 

[0210] The liquid crystal display device of claim 110 
comprises: 

a display layer being composed of a liquid crystal 
layer formed between a substrate and a sealing 
plate by sealing liquid crystal thereinto, the sealing 
plate being supported by a supporting member 
arranged between the substrate and the sealing 
plate; and an array substrate having a non-linear 
element for supplying the liquid crystal layer with an 
electric field so as to light-control drive the liquid 
crystal layer, the array substrate being disposed so 
as to face the substrate, wherein the display layer 
comprises at least two liquid crystal layers; a first 
liquid crystal layer being formed between a com- 
mon electrode formed on an internal surface of the 
substrate and a first sealing plate by sealing liquid 
crystal thereinto, the first sealing plate being sup- 
ported by a first supporting member arranged on 
the common electrode and having a first pixel elec- 
trode on a surface thereof opposite the common 
electrode; and a second liquid crystal layer being 
formed between the first sealing plate and a second 
sealing plate by sealing liquid crystal thereinto, the 
second sealing plate being supported by a second 
supporting member arranged on the first sealing 
plate and having a second pixel electrode formed 
on a surface thereof opposite the first pixel elec- 
trode; the array substrate comprises at least two 
driving electrodes and at least two non-linear ele- 
ments; a first driving electrode for supplying the first 
pixel electrode with a driving voltage for driving the 
first liquid crystal layer; a first non-linear element 
electrically connected with the first driving elec- 
trode; a second driving electrode for supplying the 
second pixet electrode with a driving voltage for 
driving the second liquid crystal layer; and a second 
non-linear element electrically connected with the 
second driving electrode; wherein the liquid crystal 
display device further comprises a first connection 
means and a second connection means each hav- 
ing a function of electric connection and a function 
of fixed connection; a first connection terminal is 
electrically connected with the first driving electrode 
via the first connection means; a second connec- 
tion terminal is electrically connected with the sec- 
ond driving electrode via the second connection 



means; and the display layer and the array sub- 
strate are fixedly connected via the first connection 
means and the second connection means. 

5 [021 1 ] As a result, a liquid crystal display device which 
can display color images is achieved. The fixed connec- 
tion between the array substrate and the display layer by 
the first and second connection means is performed by 
bonding, heat depositing, pressing, or the like. 

w [0212] The liquid crystal display device of claim 111 
comprises; 

a display layer being composed of a liquid crystal 
layer formed between a substrate and a sealing 

75 plate by sealing liquid crystal thereinto, the sealing 
plate being supported by a supporting member 
arranged between the substrate and the sealing 
plate; and an array substrate having a non-linear 
element for supplying the liquid crystal layer with an 

20 electric field so as to light-control drive the liquid 
crystal layer, the array substrate being disposed so 
as to face the substrate, wherein the display layer 
comprises: a first liquid crystal layer being formed 
between a common electrode formed on an internal 

25 surface of the substrate and a first sealing plate by 
sealing liquid crystal thereinto, the first sealing plate 
being supported by a first supporting member 
arranged on the substrate and having a first pixel 
electrode on a surface thereof opposite the com- 

30 mon electrode; a second liquid crystal layer being 
formed between the first sealing plate and a second 
sealing plate by sealing liquid crystal thereinto, the 
second sealing plate being supported by a second 
supporting member arranged on the first sealing 

35 plate and having a second pixel electrode formed 
on a surface thereof opposite the first pixel elec- 
trode; and a third liquid crystal layer being formed 
between the second sealing plate and a third seal- 
ing plate by sealing liquid crystal thereinto, the third 

40 sealing plate being supported by a third supporting 
member arranged on the second sealing plate and 
having a third pixel electrode formed on a surface 
thereof opposite the second pixel electrode; the first 
pixel electrode is electrically connected with a first 

45 connection terminal; the second pixel electrode is 
electrically connected with a second connection 
terminal; and the third pixel electrode is electrically 
connected with a third connection terminal; the 
array substrate comprises: a first driving electrode 

so for supplying the first pixel electrode with a driving 
voltage for driving the first liquid crystal layer; a first 
non-linear element electrically connected with the 
first driving electrode; a second driving electrode for 
supplying the second pixel electrode with a driving 

55 voltage for driving the second liquid crystal layer; 

a second non-linear element electrically connected 
with the second driving electrode; a third driving 
electrode for supplying the third pixel electrode with 
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a driving voltage for driving the third liquid crystal 
layer; and a third non-linear element electrically 
connected with the third driving electrode; the liquid 
crystal display device further comprising a first con- 
nection means, a second connection means, and a 
third connection means each having a function of 
electrical connection and a function of fixed con- 
nection, wherein the first connection terminal and 
the first driving electrode are electrically connected 
via the first connection means; the second connec- 
tion terminal and the second driving electrode are 
electrically connected via the second connection 
means; the third connection terminal and the third 
driving electrode are electrically connected via the 
third connection means; and the display layer and 
the array substrate are fixedly connected via the 
first connection means, the second connection 
means, and the third connection means. 

[021 3] In the liquid crystal display device of claim 111, 
the liquid crystal composing the first liquid crystal layer, 
the second crystal layer, and the third liquid crystal layer 
is guest host liquid crystal containing liquid crystal and 
a dichroic dye having a color of cyan, magenta, or yel- 
low, each dichroic dye having a different color from 
remaining dichroic dyes. 

[0214] As a result, a liquid crystal display device which 
can display color images is achieved. The fixed connec- 
tion between the array substrate and the display layer by 
the first-third connection means is performed by bond- 
ing, heat depositing, pressing, or the like. 
[0215] The liquid crystal display device of claim 113 
comprises: a display layer composed of a liquid crystal 
layer formed between a substrate and a sealing plate by 
sealing liquid crystal thereinto, the substrate having a 
common electrode on an internal surface thereof and 
the sealing plate being supported by a supporting mem- 
ber arranged on the common electrode; and an array 
substrate having a driving circuit for driving the liquid 
crystal layer and a plurality of pixel electrodes arranged 
at predetermined intervals and electrically connected to 
the driving circuit, the array substrate being disposed so 
as to face the substrate; and a connection means for 
connecting the display layer with the array substrate. 
[0216] Since the array substrate has the pixel elec- 
trodes thereon and the display layer has the common 
electrode and the liquid crystal layer, different display 
patterns can be achieved only by changing the forma- 
tion pattern of the pixel electrodes. Thus, the display 
layer can be applied to various array substrates having 
different display patterns depending on the uses. The 
general versatility of the display layer also realizes a 
cost reduction. 

[021 7] In bonding the display layer to the driving sub- 
strate, their relative position in a plane can be arbitrary. 
Since alignment is unnecessary, assembly is simplified. 
[021 8] In the liquid crystal display device of claim 113, 
the sealing plate can be made of a polymer resin whose 



thickness is in a range of 0.5 to 10 jim inclusive. 
[0219] By making the thickness of the sealing plate 
0.5 \im or larger, the liquid crystal layer is prevented 
from having concave and convex portions, and the gap 

s of the liquid crystal layer has a uniform thickness. By 
making the thickness of the sealing plate 10 \im or 
below, it becomes unnecessary to provide the pixel 
electrodes on a side of the sealing plate opposite to the 
sealing surface. As a result, the liquid crystal layer can 

io be driven with a low voltage. 

[0220] In the liquid crystal display device of claim 113, 
the substrate and the array substrate can be made of a 
polymer resin. 

[0221] The obtained liquid crystal display device is 
75 thin and light in weight and defies bending and other 
deformation. 

[0222] The liquid crystal display device of claim 117 
comprises: a display layer comprising a liquid crystal 
layer and a plurality of pixel electrodes, the liquid crystal 

20 layer being formed between a substrate and a sealing 
plate by sealing liquid crystal thereinto, the substrate 
having a common electrode on an internal surface 
thereof and the sealing plate being supported by a sup- 
porting member arranged on the common electrode, 

25 and the plurality of pixel electrodes being arranged at 
regular intervals on a surface of the sealing plate, the 
surface being opposite the supporting member; a plu- 
rality of array substrates having a plurality of non-linear 
elements for driving the liquid crystal layer; and a con- 

30 nection means for connecting the display layer with the 
plurality of array substrates so as to electrically connect 
the plurality of pixel electrodes and the plurality of non- 
linear elements. 

[0223] In the conventional multi-screen LCD, the pitch 
35 of the pixel electrode becomes uneven at the joints of 
panels, so that the joints are noticeable in the display 
screen. However, in the above structure, the plurality of 
pixel electrodes are arranged at regular intervals on a 
surface of the sealing plate adjacent to the array sub- 
40 strates, so that the joints between the array substrates 
do not appear on the display screen. As a result, a multi- 
screen liquid crystal display device with unnoticeable 
panel joints is realized. 

[0224] In the liquid crystal display device of claim 117, 
45 the plurality of array substrates can be arranged in a 
same plane; and the display layer can face the plurality 
of array substrates within a range of each of the plurality 
of pixel electrodes being electrically connected to a cor- 
responding one of the plurality of non-linear elements 
so via the connection means. 

[0225] The structure makes it unnecessary to arrange 
the array substrates so precisely as to make the joints 
between adjacent panels unnoticeable in bonding the 
display layer to the plurality of array substrates. In other 
55 words, the two-dimensional relative position of the dis- 
play layer and the array substrates may be within a 
range that the pixel electrodes and the non-linear ele- 
ments are electrically connected by the connection 



18 

BNSDOCID: <EP 0990942A1J. > 



35 EP 0 990 942 A1 36 



means. As a result, requirements for the positional pre- 
cision can be derogated. 

[0226] Furthermore, it is unnecessary to increase the 
pixel pitch in order to make the panel joints unnoticeable 
because of the above-mentioned reasons. As a result, a 5 
multi-screen liquid crystal display device which displays 
high precision images is realized. 
[0227] In the liquid crystal display device of claim 1 18, 
an optical color filter layer can be disposed between the 
substrate and the common electrode. io 
[0228] As a result, a liquid crystal display device which 
can display color images is achieved. 
[0229] The method for fabricating a liquid crystal dis- 
play device of claim 121 comprises a display layer com- 
posed of a substrate, a sealing plate, and a liquid crystal 75 
layer disposed therebetween, and an array substrate 
having a driving element for driving the liquid crystal 
layer, the method comprising the steps of: forming the 
display layer comprising the sub steps of: forming a 
common electrode on an internal surface of the sub- 20 
strate; forming a supporting member onto the common 
electrode; forming the sealing plate so as to be sup- 
ported by the supporting member; forming the liquid 
crystal layer by sealing liquid crystal into between the 
substrate and the sealing plate; and forming a pixel 25 
electrode on a surface of the sealing plate, the surface 
being opposite the liquid crystal layer; providing the 
array substrate with the driving element and a driving 
electrode; and electrically connecting the pixel elec- 
trode and the driving electrode via a connection means. 30 
[0230] Even when a display defect is detected in the 
liquid crystal layer or other components, the array sub- 
strate having the non-linear element does not have to 
be abandoned. As a result, the fabrication cost is 
decreased and the yield is increased. 35 
[0231] As the seventh step, the substrate and the 
array substrate are bonded to each other so that the 
pixel electrodes and the driving electrodes can be elec- 
trically connected via the connection means. Since the 
two-dimensional relative position of the pixel electrode 40 
and the driving electrode may be within a range that 
their being electrically connected by the connection 
means, the requirement? for the positional precision 
can be derogated. 

[0232] In the method for fabricating a liquid crystal dis- 45 
play device of claim 121 , at least one other liquid crystal 
layer can be formed by conducing the steps of: forming 
a second supporting member onto the pixel electrode; 
forming a second sealing plate so as to be supported by 
the second supporting member; forming a second liquid so 
crystal layer by sealing liquid crystal into between the 
sealing plate and the second sealing plate; and forming 
a second pixel electrode on a surface of the second 
sealing plate, the surface being opposite the second liq- 
uid crystal layer. 55 
[0233] The method enables the plurality of liquid crys- 
tal layers using very thin sealing plates to be easily 
stacked, so that a liquid crystal display device which can 



display color images is achieved. 
[0234] The method for fabricating a liquid crystal dis- 
play device of claim 123 comprises: a first step of form- 
ing a common electrode on an internal surface of a 
substrate; a second step of forming a supporting mem- 
ber on the common electrode; a third step of forming a 
sealing plate so as to be supported by the supporting 
member; a fourth step of forming a liquid crystal layer by 
sealing liquid crystal into between the substrate and the 
sealing plate; a fifth step of forming a pixel electrode on 
a surface of the sealing plate, the surface being oppo- 
site the liquid crystal layer; a sixth step of examining dis- 
play conditions by supplying a voltage to the common 
electrode and the pixel electrode; a seventh step of pro- 
viding an array substrate with a non-linear element for 
driving the liquid crystal layer and a driving electrode; 
and an eighth step of electrically connecting the pixel 
electrode and the driving electrode only when a display 
layer is in excellent display conditions, based on results 
of an examination conducted in the sixth step. 
[0235] Since the display conditions of the display layer 
is examined before the display layer and the array sub- 
strate are connected via the connection means, even 
when a display defect is detected, the array substrate 
having the non-linear element does not have to be 
abandoned. As a result, the fabrication cost is 
decreased and the yield is increased. 
[0236] The method for fabricating a liquid crystal dis- 
play device of claim 124 comprises: a first step of form- 
ing a common electrode on a surface of a substrate; a 
second step of forming a supporting member on the 
common electrode; a third step of forming a sealing 
plate so as to be supported by the supporting member; 
a fourth step of forming a liquid crystal layer by sealing 
liquid crystal into between the substrate and the sealing 
plate; a fifth step of forming a pixel electrode on an array 
substrate so as to face the common electrode; a sixth 
step of providing the array substrate with a driving circuit 
for driving the liquid crystal layer; and a seventh step of 
bonding the array substrate to the substrate with an 
adhesive material. 

[02371 Since the array substrate has the pixel elec- 
trode thereon and the display layer has the common 
electrode and the liquid crystal layer, it is unnecessary 
to form the display layer in accordance with the pattern 
form of the driving electrode in the driving substrate. 
Thus, the display layer can be applied to various array 
substrates having different display patterns depending 
on the uses, which realizes a decrease in the fabrication 
cost. In bonding the display layer to the substrate, their 
relative position in a plane can be arbitrary. Thus align- 
ment is unnecessary, so that assembly is simplified. 
[0238] The method for fabricating a liquid crystal dis- 
play device of claim 1 25 comprises: a first step of form- 
ing a common electrode on a substrate; a second step 
of forming a supporting member on the common elec- 
trode; a third step of forming a sealing plate so as to be 
supported by the supporting member; a fourth step of 
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arranging a plurality of pixel electrodes at regular inter- 
vals on a surface of the sealing plate, the surface being 
opposite the supporting member; a fifth step of forming 
a liquid crystal layer by sealing liquid crystal into 
between the substrate and the sealing plate; a sixth 
step of providing an array substrate with a plurality of 
non-linear elements for driving the liquid crystal layer; a 
seventh step of dividing the array substrate into at least 
two; and an eighth step of electrically connecting each 
of the plurality of pixel electrodes to a corresponding 
one of the plurality of non-linear elements via a connec- 
tion means. 

[0239] Unlike the conventional liquid crystal display 
device in which the pixel electrodes are formed on the 
display layer side, the plurality of pixel electrodes are 
arranged at regular intervals on a surface of the display 
layer opposite to the sealing surface of the sealing plate. 
Therefore, it is unnecessary to arrange the panels so 
precisely as to make the deviation between the meas- 
ures set before dividing the substrate and the measures 
obtained after the substrate is actually divided in order 
to make the joints unnoticeable. In other words, since 
the two-dimensional relative position of the display layer 
and the array substrate may be within a range that the 
pixel electrodes and the non-linear elements are electri- 
cally connected, the requirements for the positional pre- 
cision can be derogated. Furthermore, it is unnecessary 
to increase the pixel pitch in order to make the panel 
joints unnoticeable, so that images of high precision are 
displayed. As a result, a multi-screen liquid crystal dis- 
play device with unnoticeable panel joins is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0240] These and other objects, advantages and fea- 
tures of the invention will become apparent from the fol- 
lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate specific 
embodiments of the invention. In the dfawings:- 

Fig. 1 is a cross sectional view of one pixel in the 
center of the liquid crystal display device of Embod- 
iment 1-1 of the present invention. 
Fig. 2 is a plane view of one pixel in the center of the 
liquid crystal display device of Embodiment 1 -1 . 
Fig. 3 is the entire structure of the liquid crystal dis- 
play device of Embodiment 1 -1 . 
Fig. 4 is a partly magnified cross sectional view of 
Fig. 1. 

Fig. 5 is a partly magnified cross sectional view of 
Fig. 1. 

Figs. 6(a) and 6(b) are illustrations showing fabrica- 
tion processes of the liquid crystal display device of 
Embodiment 1-1. 

Figs. 7(a) and 7(b) are illustrations showing fabrica- 
tion processes of the liquid crystal display device of 
Embodiment 1-1. 

Fig. 8 is an illustration showing a fabrication proc- 
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ess of the liquid crystal display device of Embodi- 
ment 1-1. 

Figs. 9(a) and 9(b) are illustrations showing fabrica- 
tion processes of the liquid crystal display device of 
5 Embodiment 1-1. 

Figs. 10(a) and 10(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 1-1. 

Figs. 1 1 (a) and 1 1 (b) are illustrations showing fabri- 
io cation processes of the liquid crystal display device 
of Embodiment 1-1. 

Fig. 12 is an illustration showing a fabrication proc- 
ess of the liquid crystal display device of Embodi- 
ment 1-1. 

is Fig. 1 3 is an illustration showing a fabrication proc- 
ess of the liquid crystal display device of Embodi- 
ment 1-1. 

Fig. 1 4 is a cross sectional view of the vicinity of the 
venthole 134. 

20 Fig. 1 5 is an illustration showing a state of prevent- 
ing the permeation of the solution by applying a sur- 
face tension decreasing treatment to the venthole 
134. 

Fig. 1 6 is a cross sectional view of the vicinity of the 
25 venthole 135. 

Fig. 1 7 is a cross sectional view of the vicinity of the 
venthole 136. 

Fig. 18 is a cross sectional view of one pixel in the 
center of the liquid crystal display device of Embod- 
30 iment 1 -5 of the present invention. 

Fig. 1 9 is a partial plane view of the mask 153. 
Fig. 20 is an illustration showing surface changes of 
the resin layer 150. 

Fig. 21 is a cross sectional view of the main part of 
35 the liquid crystal display device of Embodiment 2-1 
of the present invention. 

Fig. 22 is a cross sectional view taken along the line 
indicated with the arrows X-X of Fig. 21 . 
Fig. 23 is an illustration showing the state of wrin- 
40 Mes generated on the resin film. 

Figs. 24(a) and 24(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 2-1 . 

Figs. 25(a) and 25(b) are illustrations showing fabri- 
45 cation processes of the liquid crystal display device 
of Embodiment 2-1 . 

Figs. 26(a) and 26(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 2-1. 
so Fig. 27 is an illustration showing a fabrication proc- 
ess of the liquid crystal display device of Embodi- 
ment 2-1. 

Fig. 28 is a cross sectional view of the main part of 
the liquid crystal display device of Embodiment 2-2 
55 of the present invention. 

Figs. 29(a) and 29(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 2-3. 



20 



BNSDOCID: <EP 0990942A1_L> 



39 



EP 0 990 942 A1 



40 



Figs. 30(a) and 30(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 2-3. 

Figs. 31(a)-31(d) are illustrations showing fabrica- 
tion processes of the resin film structure of Embod- s 
iment 2-4 of the present invention. 
Figs. 32(a)-32(d) are illustrations showing fabrica- 
tion processes of the resin film structure of Embod- 
iment 2-5 of the present invention. 
Fig. 33 is a cross sectional view of the resin film 10 
structure of Embodiment 2-6 of the present inven- 
tion. 

Fig. 34 is a partial plane view showing the structure 
of one pixel of the liquid crystal display device of 
Embodiment 3-1 of the present invention. is 
Fig. 35 is a cross sectional view taken along the line 
indicated with the arrows A-A of Fig. 34. 
Figs. 36(a) and 36(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-1 of the present invention. 20 
Figs. 37(c) and 37(d) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-1 . 

Figs. 38(e) and 38(f) are illustrations showing fabri- 
cation processes of the liquid crystal display device 25 
of Embodiment 3-1. 

Figs. 39(g) and 39(h) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-1. 

Figs. 40(i) and 40(j) are illustrations showing fabri- 30 
cation processes of the liquid crystal display device 
of Embodiment 3-1. 

Fig. 41 (k) is an illustration showing a fabrication 
process of the liquid crystal display device of - 
Embodiment 3-1. 35 
Figs. 42(l) and 42(m) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-1. 

Figs. 43(n) and 43(o) are illustrations showing fabri- 
cation processes of the liquid crystal display device 40 
of Embodiment 3-1. 

Fig. 44 is a partial plane view showing the structure 
of one pixel of the liquid crystal display device of 
Embodiment 3-2 of the present invention. 
Fig. 45 is a cross sectional view taken along the line 45 
indicated with the arrows B-B of Fig. 44. 
Figs. 46(a) and 46(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-2. 

Figs. 47(c) and 47(d) are illustrations showing fabri- so 
cation processes of the liquid crystal display device 
of Embodiment 3-2. 

Figs. 48(e) and 48(f) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-2. 55 
Figs. 49(g) and 49(h) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-2. 



Fig. 50(i) is an illustration showing a fabrication 
process of the liquid crystal display device of 
Embodiment 3-2. 

Fig. 51 is a partial plane view showing the structure 
of one pixel of the liquid crystal display device of 
Embodiment 3-3 of the present invention. 
Figs. 52(a) and 52(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-3. 

Figs. 53(c) and 53(d) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-3. 

Figs. 54(e) and 54(f) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-3. 

Figs. 55(g) and 55(h) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-3. 

Fig. 56(i) is an illustration showing a fabrication 
process of the liquid crystal display device of 
Embodiment 3-3. 

Figs. 57(j) and 57(k) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-3. 

Fig. 58 is a partial plane view showing the structure 
of one pixel of the liquid crystal display device of 
Embodiment 3-4 of the present invention. 
Fig. 59 is a cross sectional view taken along the line 
indicated with the arrows C-C of Fig. 58. 
Figs. 60(a) and 60(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-4. 

Figs. 61 (c) and 61 (d) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-4. 

Figs. 62(e) and 62(f) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-4. 

Figs. 63(g) and 63(h) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-4. 

Figs. 64(i) and 64(j) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 3-4. 

Fig. 65 is a cress sectional view showing the rough 
structure of the liquid crystal display device of 
Embodiment 4-1 of the present invention. 
Fig. 66 is a plane view showing the rough structure 
of TFT devices in the liquid crystal display device of 
Embodiment 4-1. 

Fig. 67 is a cross sectional view showing the rough 
structure of the display unit in the liquid crystal dis- 
play device of Embodiment 4-1 . 
Fig. 68 is a cross sectional view showing the rough 
structure of the main part of the liquid crystal dis- 
play device of Embodiment 4-1 . 
Fig. 69 is a cross sectional plane view showing the 
rough structure of the display unit in the liquid crys- 
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tal display device of Embodiment 4-1 . 
Figs. 70(a) and 70(b) are cross sectional views 
showing the rough structure of the anisotropic con- 
ductive adhesive in the liquid crystal display device 
of Embodiment 4-1 . 

Figs. 71 (a) and 71 (b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 4-1 . 

Figs. 72(a) and 72(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 4-1 . 

Figs. 73(a) and 73(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 4-1 . 

Figs. 74(a) and 74(b) are illustrations showing fabri- 
cation processes of the liquid crystal display device 
of Embodiment 4-1. 

Fig. 75 is a cross sectional view showing the rough 
structure of the liquid crystal display device of 
Embodiment 4-2 of the present invention. 
Fig. 76 is an illustration showing a fabrication proc- 
ess of the liquid crystal display device of Embodi- 
ment 4-2. 

Figs. 77(a) and 77(b) are cross sectional views 
showing the rough structure of the liquid crystal dis- 
play device of Embodiment 4-3 of the present 
^ invention. 

Fig. 78 is a plane view showing the rough structure 
of the array substrate in the liquid crystal display 
device of Embodiment 4-3. 

Fig. 79 is a cross sectional view showing the struc- 
ture of a conventional liquid crystal display device. 
Fig. 80 is a cross sectional view showing the struc- 
ture of another conventional liquid crystal display 
device. 

Figs. 81(a)-81(c) are illustrations showing exam- 
ples of inconvenient conditions caused by posi- 
tional deviation of the supporting members. 
Fig. 82 is an illustration showing the pitch condi- 
tions of the supporting members. 
Fig. 83 is a cross sectional view showing the rough 
structure of a conventional liquid crystal display 
device. 

DETAILED DESCRIPTION OF THE INVENTION 
[EMBODIMENT 1] 

[0241 ] A first embodiment of the present invention will 
be described as follows based on the drawings. 
[0242] The first embodiment is featured by using a 
commercially available resin film as a sealing plate and 
bonding the resin film onto supporting members. This 
feature secures the fixing of the resin film onto the sup- 
porting members. 



(EMBODIMENT 1-1) 

[0243] Embodiment 1-1 of the present invention will 
be described based on Figs. 1-13. Fig. 1 is a cross sec- 

5 tional view of one pixel in the center of the liquid crystal 
display device of the present invention, Fig. 2 is a plane 
view of the pixel, Fig. 3 is the entire structure of the liq- 
uid crystal display device, Figs. 4 and 5 are partly mag- 
nified cross sectional views of Fig. 1 , and Figs. 6(a) and 

io 6(b) through 13 are illustrations showing the fabrication 
processes of the liquid crystal display device. Fig. 1 is a 
cross section taken along the line indicated with the 
arrows A-A of Fig. 2. Figs. 1-13 are simplified illustra- 
tions not showing all the components of the liquid crys- 

75 tal display device, and are different from the actual 
device in the reduced scales and the number of some 
components. 

[0244] The liquid crystal display device, as shown in 
Fig. 1, comprises three liquid crystal layers 106, 107, 

20 and 108 filled with guest host liquid crystals 121, 122, 
and 123 of cyan, magenta, and yellow, respectively, 
which are arranged in that order on a substrate 101. 
The substrate 101 , which is made of borosilicate glass, 
is provided with thin film transistors (hereinafter TFT 

25 devices) 102, 103, and 104 made of amorphous silicon 
as driving elements thereon. As shown in Fig. 3. the 
substrate 101 is further provided with a first pixel elec- 
trode M1 arranged in the form of matrix in a pixel display 
region 145, source lines SL, gate lines GL, a driving cir- 

30 cuit 180 arranged in a peripheral part 146 of the pixel 
display region 145 so as to supply a driving voltage to 
the source lines SL, and a driving circuit 1 81 arranged in 
the peripheral part 146 so as to supply a driving voltage 
to the gate lines GL. 

35 [0245] The TFT devices 103 and 104 respectively 
have drain terminals 103a and 104a which are transpar- 
ent conductive films made of an indium-tin oxide (ITO), 
whereas the TFT device 102 has a drain terminal 102a 
electrically connected with the first pixel electrode Ml 

40 which is a transparent conductive film. Light shielding 
films 105 each being a square of 5 urn x 5 \im are scat- 
tered in the pixel part on the substrate 101. The light 
shielding films 105 has a 30 \im pitch. Supporting mem- 
bers 118 are formed on the light shielding films 105 as 

45 shown in Fig. 4. As shown in Fig. 5 the TFT devices 103 
and 104 are provided with the light shielding films 105 
on which cubic interconnection pads 140 are formed. 
The cubic interconnection pads 1 40 also serve as sup- 
porting members. The light shielding films 105 are corn- 
so posed of a resist containing black carbon particles. The 
supporting members 118 and the cubic interconnection 
pads 140 are composed of 5 jim-high positive type 
resist. A resin film 1 1 1 is bonded onto the supporting 
members 118 and the cubic interconnection pads 140 

55 with an adhesive layer 131 made from a positive type 
resist provided therebetween. The resin film 1 1 1 is 1 .2 
jim thick and contains polyethylene terephthalate (PET) 
as a main component which is a kind of polyester resin. 
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The resin film 1 1 1 is supported by the supporting mem- 
bers 1 18 so as to form a gap of 5 ^m to seal liquid crys- 
tal thereinto between the resin film 111 and the 
substrate 101. The gap is filled with a guest host liquid 
crystal 121 containing a dichroic dye of cyan dissolved 
in a fluoric nematic liquid crystal, so as to form the first 
liquid crystal layer 106. 

[0246] Above the drain terminals 1 03a and 1 04a of the 
TFT devices 103 and 104, the cubic interconnection 
pads 140 and the resin film 1 1 1 are provided with open- 
ing portions 124 and 125, respectively. The second pixel 
electrode M2, which is an ITO transparent conductive 
film is formed in the pixel part on the resin film 1 1 1. As 
shown in Fig. 5 an end of the second pixel electrode M2 
extends as far as the drain terminal 103a of the TFT 
device 103 along the opening portion 1 24, so as to elec- 
trically connect the second pixel electrode M2 and the 
terminal 103a. This connection of the second pixel elec- 
trode M2 on the resin film 111 with the terminal 103a of 
the TFT device 103 on the substrate 101 via the open- 
ing portion 124 makes it possible to control the potential 
of the second pixel electrode M2 on the resin film 111 
with the TFT device 1 03 on the substrate 101. 
[0247] Above the first liquid crystal layer 1 06, the sec- 
ond liquid crystal layer 107, a resin film 1 12. the third liq- 
uid crystal layer 108. and a resin film 113 are stacked in 
that order. As a result, the three liquid crystal layers 106, 
107, and 108 and the three resin films 111. 112, and 
113 are stacked alternately on the substrate 101. The 
second and third liquid crystal layers 107 and 108 have 
basically the same structure as the first liquid crystal 
layer 106. For the second liquid crystal layer 107 com- 
prises supporting members 119, cubic interconnection 
pads 141 , and an adhesive layer 132 whereas the third 
liquid crystal layer 109 comprises supporting members 
120, cubic interconnection pads 142 and an adhesive 
layer 133. The supporting members 1 18-120 are made 
of the same material and have the same form. The sup- 
porting members 119 and 120 are positioned on an 
extension line of the supporting members 118. As 
described in Japanese Laid-open Patent Application 
No. 10-70069 earlier filed by the inventors of the present 
invention, the structure enables the supporting mem- 
bers to firmly support the resin films, so as to prevent 
the deformation of the supporting members or the dam- 
age of the liquid crystal layers due to the misalignment 
of the supporting members. 

[0248] The cubic interconnection pads 141 are posi- 
tioned right above the cubic interconnection pads 140, 
and the cubic interconnection pads 1 42 are positioned 
right above the cubic interconnection pads 141. The 
resin films 112 and 1 13 are made of the same material 
and have the same thickness as the resin film 111. 
[0249] The liquid crystal 122 composing the second 
liquid crystal layer 107 is a guest host liquid crystal hav- 
ing a dichroic dye of magenta, and the liquid crystal 123 
composing the third liquid crystal layer 108 is a guest 
host liquid crystal having a dichroic dye of yellow. In the 



other respects, the second and third liquid crystal layers 
107 and 108 are equal to the first liquid crystal layer 
106. 

[0250] An opening portion 125 is formed in the cubic 

5 interconnection pads 141 and the resin film 112 pro- 
vided above the drain terminal 104a of the TFT device 
104. A third pixel electrode M3, which is a transparent 
conductive film is formed in the pixel part on the resin 
film 1 12. As shown in Fig. 5 the third pixel electrode M3 

10 is electrically connected with the drain terminal 104a of 
the TFT device 104 via the opening portion 125. Similar 
to the second pixel electrode M2, the structure enables 
the potential of the third pixel electrode M3 on the resin 
film 111 to be controlled by the TFT device 104 on the 

is substrate 101. 

[0251 ] A common electrode 116, which is made of alu- 
minum and also serves as a reflective film is formed on 
the resin film 1 1 3 above the third liquid crystal layer 1 08. 
The common electrode 1 16 is covered with a protection 

20 film 117 for protecting the liquid crystal layers from 
external pressure or- the like. The protection film 1 1 7 is 
an acrylic resin. The liquid crystal layers 121, 122, and 
123 each have a dichroic dye of cyan, magenta, and yel- 
low whose concentrations are adjusted by taking color 

25 balance into consideration - 

[0252] The liquid crystal display device of the present 
embodiment has an open area ratio of 97% or higher in 
the pixel part (the ratio of the area of pixels excluding 
the area for the supporting members to the entire area 

30 of the pixels), which is enough to provide bright display. 
[0253] The operation of the liquid crystal display 
device of the present embodiment will be described as 
follows. The liquid crystal display device of the present 
embodiment is a reflective type color liquid crystal dis- 

35 play which achieves color display by the reflection of 
external light without a back light. The light which is inci- 
dent upon the substrate 101 from the side opposite to 
the liquid crystal layers goes through the liquid crystal 
layers 106, 107, and 108 in that order to be reflected by 

40 the common electrode 116 which also serves as the 
reflective film, and go back through the liquid crystal lay- 
ers 108, 107. and 106 in that order, thereby providing a 
display to the observer who is watching the display from 
the opposite side of the substrate 101 . The liquid crystal 

45 layers 106, 107, and 103 are each filled with a guest 
host liquid crystal containing a dichroic dye of cyan, 
magenta, and yellow, respectively. When no voltage is 
supplied to the pixel electrodes, each color light of the 
incident light is absorbed in a corresponding one of the 

so liquid crystal layers, whereas when a voltage is sup- 
plied, the incident light permeates these liquid crystal 
layers. To control the voltage supplied to the liquid crys- 
tal layers in this manner enables the absorption and 
permeation of light to be controlled, thereby achieving a 

55 full-color display. 

[0254] A specific method for driving the liquid crystal 
display device of the present embodiment will be 
described as follows. The third pixel electrode M3 is 
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supplied with voltage V3 in accordance with the image 
signal for the third liquid crystal layer 108 by using the 
potential of the common electrode 116 as a reference 
potential. The second pixel electrode M2 is supplied 
with voltage V2 in accordance with the image signal for 
the second liquid crystal layer 107 by using the potential 
of the third pixel electrode M3 as a reference potential. 
The first pixel electrode Ml is supplied with voltage VI 
in accordance with the image signal for the first liquid 
crystal layer 106 by using the potential of tile second 
pixel electrode M2 as a reference potential. In other 
words, when the potential of the common electrode 116 
is used as a reference potential, the pixel electrodes 
M3, M2, and M1 are supplied with voltages of V3, V3 + 
V2, and V3 + V2 + V1 , respectively. Consequently, each 
of the guest host liquid crystals 123, 122, and 121 can 
be supplied with a voltage separately. 
[0255] When alternating driving is conducted in order 
to prevent deterioration of the guest host liquid crystals 
123, 122, and 121, voltages of (±V3), (±V3) + (±V2), and 
(+V3) + (±V2) + (±V1 } where V1 , V2, and V3 are positive 
can be supplied. In order to reduce the output voltage of 
the driving circuit or the like by decreasing the absolute 
value of the supply voltage, voltages of (±V3). (±V3) - 
(±V2), and (±V3) - (± V2) + (±V1) can be supplied by 
reversing the polarities of the supply voltages of adja- 
cent ones of the third-first liquid crystal layers 108. 107. 
and 106. 

[0256] Since color image display is performed by the 
subtractive process, when the image signal is given by 
image data of RGB (red, green, blue), they are con- 
verted to image data of CMY (cyan, magenta, yellow) 
through complement calculation, and voltages corre- 
sponding to these image data can be supplied. To be 
more specific, in the case of eight-color display, when 
the given RGB data is (1, 0, 0), a voltage corresponding 
to its complement (0, 1 , 1) can be supplied. 
[0257] In the liquid crystal display device of the 
present embodiment, the resin films and the cubic inter- 
connection pads are provided with opening portions via 
which the pixel electrodes on the resin films are electri- 
cally connected with the terminals of the TFT devices on 
the substrate. This structure enables the voltage sup- 
plied to each pixel electrode to be controlled by a TFT 
device on the substrate 101, which makes it unneces- 
sary to arrange glass substrates each having a TFT 
device between adjacent liquid crystal layers. As a 
result, a reflective type color liquid crystal display device 
with bright display and no parallax problem can be 
achieved. Although TFT devices are used as pixel 
switching elements in the present embodiment, thin film 
diodes or the like can be used instead. 
[0258] In the present embodiment, the resin films 1 1 1 . 
1 12, and 113 are 1 .2 urn thick. The resin films are pref- 
erably thinner in order to make a voltage drop small and 
to reduce the supply voltage. However, when the resin 
films are thinner than 0.5 \im t they become hard to han- 
dle because they are likely to wrinkle or break, so as to 



decrease the yield. Consequently, it is appropriate that 
the resin films have a thickness of 0.5 \xm or larger. On 
the other hand, when the thickness is larger than 10 \im t 
the resin films have a voltage drop which is larger than 

s twice the voltage supplied to the liquid crystal layers, so 
that the voltage required to operate the liquid crystal lay- 
ers becomes very large. Consequently, the resin films 
are preferably 10 ^im or thinner. As a result, the thick- 
ness of the resin films is best set in the range of 0.5 to 

10 10 urn. 

[0259] It is preferable to make the resistivity of the 
resin films smaller because it can reduce the voltage 
drop in the resin films. Liquid crystal has different rela- 
tive permittivity depending on the direction of the align- 

15 ment. In the case of general liquid crystal whose 
dielectric anisotropy is positive, when a voltage is sup- 
plied between electrodes, molecules are aligned in the 
direction vertical to the electrodes, thereby increasing 
the relative permittivity. In particular, in a liquid crystal 

20 material with a small operational voltage, the relative 
permittivity becomes e_L ~ 4 or so and dt = 11 or so, 
showing the tendency of increasing the difference. 
Since the polyester resin composing the resin films has 
a relative permittivity of about 3, it might be caused that 

25 when the relative permittivity of the liquid crystal is 
increased by the supply of a voltage, more voltage is 
supplied to the resin films having a smaller permittivity 
than the liquid crystal, which decreases the voltage to 
be supplied to the liquid crystal. Thus, the voltage drop 

30 in the resin films particularly during the supply of a volt- 
age can be reduced by decreasing the resistivity of the 
resin films. A polyester resin which is the material for the 
resin films generally has resistivity in the range of 10 14 
to 10 16 . When the resistivity is decreased to around 

35 10 12 , the partial pressure ratio of the resin films 
changes little, showing minor effects of reducing the 
resistivity, whereas the resistivity is around 10 10 or 
below, the partial pressure ratio of the resin films 
becomes small. By setting the resistivity at 10 10 or 

40 below, the voltage drop in the resin films can be reduced 
to about half the voltage supplied between the elec- 
trodes when the resin films have a thickness of 0.5 to 1 0 
fim. Therefore, the resistivity of the resin films is prefer- 
ably 10 10 or below. 

45 [0260] In order to reduce the resistivity, the resin films 
can be mixed with or doped with a material, namely, a 
zirconium oxide or an organic conductive member 
which slightly increases the conductivity. 
[0261] In the present embodiment, the use of PET 

50 (polyethylene terephthalate), which is a kind of polyes- 
ter as the material for the resin films 111. 112, and 113 
can provide the resin films with enough strength even 
when their thickness is in the range of 0.5 to 10 \im. In 
the process of bonding the resin films to the substrate. 

55 which will be described below, the resin films are 
unlikely to be broken by the pressure of the rollers while 
passing the laminator, which improves the fabrication 
yield. Since PET is unlikely to plasticize at the heating 
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temperature (150°C) in the bonding process, it never 
happens that the resin films deform along the support- 
ing members and narrow the gap to seal liquid crystal 
thereinto as in the prior art. As a result, it is realized that 
the resin films are bonded to the substrate smoothly. 5 
Since the polyester resin is transparent and causes a 
minor light attenuation in the visible light wavelength 
range, bright display is realized. Besides PET used in 
the present embodiment, polyethylene naphthalate 
(PEN) and other polyester resins can be used. w 
[0262] In the present embodiment each of the sup- 
porting members arranged in the pixel part has a 
square cross section. The smaller the area occupied by 
the supporting members in the pixel part, the higher the 
open area ratio of the liquid crystal display device is 
becomes, and as a result, bright display is realized. 
Therefore, from the view point of display, it is preferable 
that the width of the supporting members, that is, the 
length of each side of the square cross section is as 
small as possible, and the distance between adjacent 20 
supporting members is as long as possible. However, 
the supporting members with a small width are easily 
crushed and broken in the process of bonding the resin 
films onto the substrate, making it impossible to seal liq- 
uid crystal into the gaps between adjacent liquid crystal 25 
layers. This inconvenience leads to a decrease in the 
fabrication yield. When the positive-type resist of the 
supporting members is sufficiently hardened, their width 
can be made larger than their height so as to prevent 
the supporting members from breaking. Since the sup- 30 
porting members have a height of 5 |im in the present 
embodiment, their width should be larger than 5 |im in 
order to prevent the breakage of the supporting mem- 
bers and to reduce a decrease in the yield. 
[0263] In the present embodiment, the distance 35 
between adjacent supporting members arranged in the 
pixel part is set at 25 \im (the supporting members has 
a side of 5 long and a pitch of 30 fim). A large dis- 
tance between adjacent supporting members would 
cause the resin films to sag therebetween, making it 40 
impossible to keep the gap between the substrate and 
the resin film or the gaps between adjacent resin films. 
This results in uneven ness in color or a decrease in the 
contrast ratio. On the other hand, when the distance 
between adjacent supporting members is set at 1 00 jim 45 
or less, the resin films sag less, thereby making each 
gap have even thickness. Consequently, each liquid 
crystal layer has even thickness and the unevenness in 
color or a decrease in the contrast ratio due to insuffi- 
cient thickness of the gaps can be prevented. so 
[0264] In the present embodiment, the resin films 111- 
113 have the optical anisotropy or the slow axes in the 
same direction. The optical anisotropy of the resin films 
appears in the direction of the slow axes, that is, in the 
direction to stretch the resin films in their production 55 
process. If the slow axes of the resin films stacked on 
the substrate were in different directions from each 
other, the resin films might absorb light so as to 



decrease the brightness of the liquid crystal display 
device. Therefore, the slow axes of the resin films are 
made to have the same direction so as to realize a 
bright display without light attenuation resulting from the 
optical anisotropy of the resin films. 
[0265] The method for fabricating the above-men- 
tioned liquid crystal display device' will be described as 
follows with reference to Figs. 6-13. The following proc- 
esses will be conducted in a yellow room, which is irra- 
diated by light having a long wavelength not to expose a 
photosensitive material such as a positive-type resist. 

(1) First, as shown in Fig. 6(a) an ITO transparent 
conductive film is formed by spattering onto the 
substrate 101 provided with the TFT devices 102, 
103, and 104. The drain terminals 103a and 104a 
of the TFT devices 103 and 104 and the first pixel 
electrode M1 are patterned by photolithography 
and etching. At the same time, the source lines and 
the gate lines in the vicinity of the pixel part are 
made from the transparent conductive film. 

Then, a process of forming a light shielding film 
105 is conducted. A negative-type resist containing 
carbon is applied onto the substrate 101 and a 
mask exposure and developing are conducted in 
such a manner that the resist is left only on the 
spots where the supporting members 118 and the 
cubic interconnection pads 140 are provided, so as 
to arrange the light shielding film 105 as shown in 
Fig. 6(b). The light shielding film 105 can be formed 
by applying photolithography and etching to a 
metallic thin film such as aluminum. 

(2) A process of forming the supporting members 
118 is conducted. A first positive-type , resist is 
applied by spin coating onto the substrate 101 pro- 
vided with the light shielding film 105 thereon, and 
the substrate 101 applied with the resist is pre- 
baked. An ultraviolet ray is irradiated from the sub- 
strate 101 side, so as to expose the area on the sur- 
face of the substrate 101 excluding the spots where 
the supporting members 1 1 8 and the cubic inter- 
connection pads 1 40 are formed, by using the light 
shielding film 105 as a photo mask. After the expo- 
sure, the exposed area of the positive-type resist is 
developed with a developing solution and post- 
baked to be hardened. As a result, the supporting 
members 1 1 8 and the cubic interconnection pads 
140 are formed onto the light shielding film 105 as 
shown in Fig. 7(a). 

(3) A process of forming an adhesive layer onto the 
supporting members 118 is conducted. As shown 
in Fig. 7(a) a second positive-type resist which is to 
be an adhesive layer 131 is applied by spin coat 
onto the substrate 101 having the supporting mem- 
bers 118 thereon, and the substrate 101 applied 
with the resist is pre-baked. In the same manner as 
in the process (2), an ultraviolet ray is irradiated 
from the substrate 101 side to expose the resist 
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using the light shielding film 105 as a photo mask, 
and the second positive-type resist is developed 
with a developing solution. As a result, as shown in 
Fig. 7(b) an about 1 nm-thick adhesive layer 131 is 
formed on the supporting members 118 and the 5 
cubic interconnection pads 140. 

As in the processes (2) and (3), the adhesive 
layer 131 can be formed exclusively onto the sup- 
porting members 1 18 and the cubic interconnection 
pads 140 by the exposure from the rear surface of to 
the substrate 101 with the light shielding film 105 as 
a photo mask. In the case where the adhesive layer 
is formed exclusively onto the supporting members 
by conducting an ordinary mask exposure, it would 
be necessary to provide an additional process of 15 
mask alignment between the adhesive layer and 
the supporting members on the substrate. How- 
ever, on the supporting members whose cross sec- 
tions have such short sides as in the present 
invention, positional deviation of only several jim 20 
would cause the adhesive area on the supporting 
members to be too small, leading to a decrease in 
the yield. To avoid this, the mask alignment would 
require extremely high precision. In contrast, the 
exposure from the rear surface of the substrate 25 
using the light shielding film as a photo mask ena- 
bles the adhesive layer 131 to be formed onto the 
supporting members 118 easily and precisely with- 
out causing no such inconvenience. 

The second positive-type resist used for the 30 
adhesive layer 131 is made of such a material as is 
hardened after exerting thermoplasticity in the heat- 
ing process (post-baking process) which follows the 
developing. In the present embodiment, the second 
positive type resist is post-baked at 1 50°C at which 35 
the adhesive layers 131, 132, and 133 exert their 
thermoplastic characteristics, which is lower than 
the temperature for the resin films 111, 112, and 
1 13 to exert their thermoplastic characteristics. The 
supporting members 118-120, which are already 40 
hardened at this moment, do not exert the thermo- 
plastic characteristics when hardened again. As a 
result, in the bonding process which will be 
described below, the resin films 111, 112, and 113 
can be bonded onto the supporting members 45 
118,1 19, and 120, respectively, by making only the 
v • cohesive layers 131, 132, and 133 exert the ther- 
moplastic characteristics. Furthermore, smooth 
bonding of the resin films 111-113 onto the support- 
ing members 118-120 can be obtained without so 
causing the above-mentioned conventional prob- 
lem that the gaps between the substrate and the 
resin films are narrowed by the sag of the resin 
films. 

The resin films and the supporting members to ss 
be used in the present invention are not limited to 
those described above. The resin films can be a 
material either not having thermoplastic character- 



istics or exerting its thermoplastic characteristics at 
a higher temperature than the adhesive layers. The 
supporting members can be a material not having 
thermoplastic characteristics, exerting the thermo- 
plastic characteristics at a higher temperature than 
the adhesive layers, or being subjected to a harden- 
ing treatment before the bonding process. Combi- 
nations of the resin films and the supporting 
members and the use of the adhesive layers having 
thermoplastic characteristics realize successful 
bonding of the resin films onto the supporting mem- 
bers without causing the deformation of the resin 
films along the supporting members or the break- 
age of the supporting members. 

In an ordinary liquid crystal display device, a 
sealing material is applied around the display 
region in order to seal a gap so that the leakage of 
liquid crystal from the gap is prevented. In the 
present invention, on the other hand, instead of 
applying the sealing material, the adhesive layer 
131 is formed not only on the supporting members 
118 but also on the display region periphery 146 
(outside the broken line 144 in Fig. 12) on the sub- 
strate 101 where the supporting members 118 are 
not formed. This makes it possible for the substrate 
101 and the resin film 111 to be tightly bonded to 
each other in the display region periphery 146 in 
the bonding process. During the exposure in the 
process (3). a photo mask is arranged on the sub- 
strate side so as to shield the display region periph- 
ery 146 so that the adhesive layer 131 formed in the 
display region periphery 146 is left after the devel- 
oping. This process makes it unnecessary to pro- 
vide an additional process of applying a sealing 
material, thereby simplifying the entire fabrication 
processes. 

When the adhesive layer 131 is thus formed 
throughout the circumference of the display region 
periphery 146, it may be caused that the air sealed 
in the gap between the substrate 101 and the resin 
film 111 expands so as to break the resin film 111 
or the bonding between the supporting members 
118 and the resin film 111 breaks in the process 
involving heating or vacuum evacuation after the 
bonding process. To avoid this, it is necessary to 
provide a venthole for ventilating the gap. In the 
present embodiment, in order to provide such a 
venthole, in the process (3) of forming the adhesive 
layer, the exposure is conducted by using a photo 
mask which does not shield a part of the display 
region periphery 146 so as to provide the display 
region periphery 146 with a portion 134' (refer to 
Figs. 12 and 14) where the adhesive layer 131 is 
not formed. The portion 134' in which the substrate 
101 and the resin film 1 1 1 are not bonded in the fol- 
lowing bonding process becomes a venthole 134. 
As shown in Fig. 12, the venthole 134 consists of a 
first passage 134a leading outside and a second 
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passage 134b connected to the first passage 134a 
and having a larger cross section than the first pas- 
sage 134a. This structure not only prevents the 
breakage of the resin film 111 but also makes the 
process of forming the venthole 134 be included in 5 
the process of forming the adhesive layer 131, 
which simplifies the formation of the venthole 134. 
(4) The process of bonding the resin film 1 1 1 to the 
substrate 101 provided with the supporting mem- 
bers 1 18 thereon is conducted as shown in Fig. 8. 10 
In Rg. 8 the resin film 111 whose main component 
is PET is stacked on the surface of the substrate 
101 where the supporting members 118 and the 
adhesive layer 131 are provided, and is passed 
between the rollers 126, 127 of the laminator. The is 
surface of at least one of the rollers 126 and 127, 
and preferably the surface of the roller 1 26 which is 
in contact with the resin film 1 11 is set at 150°C at 
which the adhesive layer 131 exerts its thermoplas- 
tic characteristics. The rollers 126 and 127 sand- 20 
wich the substrate 101 so as to provide it with a 
uniform pressure of 1 0 MPa, rotating at the rate of 
10 mm/sec. As the result of bonding the resin film 
111 to the substrate 101 having the supporting 
members 118 an the adhesive layer 131 thereon 25 
and passing them between the rollers 126 and 127 
of the laminator, the adhesive layer 131 is thermal- 
joined to the resin film 111 so as to bond the resin 
film 1 1 1 to the supporting members 118. Since the 
temperature of the rollers is not so high as to plasti- 30 
cize the supporting members 118 or the resin film 
111, the resin film 111 can be smoothly bonded 
without the deformation of the resin film 111 along 
the supporting members 1 18 or the breakage of the 
supporting members 118 while the gap corre- 35 
sponding to the height of the supporting members 
118 is maintained as shown in Fig. 9(a). The sub- 
strate 101 having the resin film 111 thereon is 
baked to harden the adhesive layer 131, thereby 
firmly bonding the supporting members 1 18 to the 40 
resin film 111. The baking temperature must be at 
least higher than the temperature to harden the 
adhesive layer 131., When the baking temperature 
is set at a temperature to cause the resin film 1 1 1 to 
heat-shrink slightly, the resin film 111 sags less 45 
between supporting members. In the case of the 
PET resin film having a thickness of 1 .2 juim used in 
the present embodiment, the appropriate baking 
temperatures are 200 to 220°C. 

Through these processes, the resin film 1111 so 
can be firmly bonded onto the supporting members 
118 while the gap between the substrate 101 and 
the resin film 111 is maintained, so as to increase 
the fabrication yield. Furthermore, the processes of 
removing the resin film and vaporizing the solid film ss 
in the prior art become unnecessary, so that the 
application of the resin film can be facilitated and 
simplified. 



In the bonding process (4), if the resin film 1 1 1 
folds or wrinkles while the substrate 101 and the 
resin film 111 are passing between the rollers 126 
and 127, the resin film 111. cannot be smoothly 
bonded to the substrate 101, causing unevenness 
or defects in display. The resin film 111 of the 
present invention wrinkles particularly easily 
because it is thin, which results in a decrease in the 
yield. To solve this problem, the resin film 111 is 
evenly stretched in the direction of arrow B shown 
in Fig. 8, while it is passing between the rollers 126 
and 127. Consequently, the resin film 1 1 1 is applied 
in a smooth state onto the substrate 101. 

The rollers of the laminator are usually made of 
an elastic material such as rubber; however, when 
the roller 126 positioned closer to the resin film is 
made of an elastic material, the supporting mem- 
bers 118 may encroach into the roller 126 by the 
pressure of the roller 126 in the process (4) of pass- 
ing the substrate 101 and the resin film 111 
together between the rollers, so as to cause the 
resin film 111 to curve towards the substrate 101 
and the gap not to be maintained. To avoid this 
problem, the roller 126 is made of a stiff material 
such as stainless steel which is hard enough to 
make the encroaching strength smaller than the 
elastic deformation of the resin film 1 1 1 . As a result, 
the resin film in a smooth state can be bonded to 
the supporting members without the deformation of 
the resin film 111 due to the encroach of the sup- 
porting members 118, thereby evening the thick- 
ness of the gap to seal the liquid crystal thereinto. 

On the spot in the display region periphery 146 
where the adhesive layer 131 is not provided in the 
process(4), the venthole 134 is formed as shown in 
Fig. 12 by applying the resin film 111. Consequently, 
inconveniences including the breakage of the resin 
film 1 1 1 caused in the process involving heating or 
vacuum evacuation can be prevented. However, it 
may cause a new problem that in the process of 
soaking the substrate in a resist developing solution 
in order to form the supporting members onto the 
resin film or in the process of soaking the substrate 
in an etching solution in order to pattern the trans- 
parent conductive film on the resin film, these solu- 
tions flow into the gap through the venthole 134. 
Since it is hard to get the flown soHjtions out of the 
narrow gap, some of the solutions remains in the 
gap and disturbs the sealing of liquid crystal into the 
gap. 

(5) In order to solve the problem, a process is con- 
ducted which decreases the surface tension of the 
gap between the substrate 101 and the resin film 
1 1 1 in the vicinity of the first passage 1 34a of the 
venthole 134. As a treatment to decrease the sur- 
face tension, the surface of the substrate 101 or of 
the resin film 1 1 1 in the vicinity of the first passage 
134a is coated with a fluoric coating agent 190 
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(refer to Fig. 14). Without such surface treatment, 
the contact angle of water on the PET surface is 
about 70 degrees, which allows solutions such as 
water to flow into the gap; however, the treatment 
can change the contact angle to 90 degrees or 5 
larger so as to prevent the flow of the solutions as 
shown in Fig. 15. This method also makes it unnec- 
essary to open and close the venthole repeatedly 
when the process of heating or vacuum evacuation 
and the process of soaking the substrate in the 10 
solution are repeated, thereby simplifying the fabri- 
cation processes. 

(6) A process of forming opening portions 1 24 and 
125 in the resin film 111 bonded to the substrate 
101 is conducted. The opening portions 124 and 15 
1 25 are provided in order to electrically connect the 
pixel electrodes on the resin film and the drain ter- 
minals of the TFT devices on the substrate. A third 
positive-type resist 128 is applied by spin coating 
over the resin film 111 as shown in Fig. 9(a) and 20 
pre-baked. A mask exposure is conducted with a 
photo mask which makes light be irradiated exclu- 
sively upon the area where the opening portions 

124 and 125 are formed, and then the exposed 
area is developed with a developing solution. As a 25 
result, a 3 nm-thick resist film 128 is formed on the 
resin film 1 1 1 except for the area where the opening 
portions 124 and 125 are formed as shown in Fig. 
9(b). Then, the resin film 111 on the area for the 
opening portions is removed by an reactive ion 30 
etching (RIE) so that the opening portions 124 and 

125 are formed as shown in Fig. 10(a). The RIE 
accelerates oxygen ions in one direction so as to 
make them collide with the surface of the resin film, 
thereby decomposing and vaporizing the resin mol- 35 
ecules of the resin film. The resin film 1 1 1 having 
PET as its main component is decomposed and 
removed by the RIE at the rate of 0.3 jim/min. On 
the other hand, the resist film 128 mainly composed 

of an acrylic resin is decomposed and removed at 40 
the same rate of 0.3 u7min. as the resin fitm. In this 
embodiment the resin film 11 1 on the area for the 
opening portions 124 and 125 is removed by the 
RIE treatment of 5 minutes, whereas the resist film 
1 28 remains by a thickness of 1 .5 jim so as to pro- 45 
tect the resin film 111 formed on the area other than 
the opening portions 124 and 125. Later, the resist 
fitm 128 is removed so as to form the opening por- 
tions 124 and 125 in the resin film 1 1 1 as shown in 
Fig. 10(b). Thus, the RIE enables the opening por- so 
tions to be formed in the resin film resistant to 
organic solvents such as PET or acid. 

Besides the RIE, a plasma asher can be used 
in order to form opening portions in the resin film. 

(7) A process of forming the pixel electrodes onto 55 
the resin film 111 is conducted as shown in Fig. 
11(a). The second pixel electrode M2 is produced 

by spattering ITO so as to form an about 0.1 



thick transparent conductive film. At this moment, 
the opening portions 124 and 125 provided in the 
resin film 1 1 1 are also covered with ITO, so that the 
drain terminals 103a and 104a of the TFT devices 
103 and 104 on the substrate 101 can be electri- 
cally connected with the second pixel electrode M2 
on the resin film in. Then, the pixel part and the 
opening portions are covered with the resist and the 
ITO covered on the other area is removed by etch- 
ing. After this, the resist is removed to pattern the 
ITO into the form of the second pixel electrode M2. 
As a result, the potential of the second pixel elec- 
trode M2 can be controlled by the TFT device 103 
on the substrate 101 . 

(8) The second liquid crystal layer 107 is produced. 
The layer 107 is produced by performing the above- 
mentioned processes (2) -(7) again. After forming 
the supporting members 1 19 onto the resin film 1 1 1 
in the process (2), the adhesive layer 132 is formed 
onto the supporting members 119 in the process 
(3). in the same manner as the processes (2) and 
(3), light is irradiated from the substrate 101 side, 
using the light shielding film 105 formed in the proc- 
ess (1 ) as a photo mask. As a result, the supporting 
members 119 and the adhesive layer 132 of the 
second liquid crystal layer 107 are formed in the 
same positions as the supporting members 118 
and the adhesive layer 131 of the first liquid crystal 
layer 106. Then, in the process (4) the resin film 112 
is bonded to the supporting members 1 19 so as to 
form a gap between the resin films 1 1 1 and 1 12 to 
seal liquid crystal thereinto. At this moment, the 
slow axis of the resin film 1 12 is made equal to that 
of the resin film 111. In the process (5) the treat- 
ment is conducted to reduce the surface tension in 
the vicinity of the first passage 135a of the venthole 
135 (refer to Figs. 13 and 16) leading to the gap of 
the second liquid crystal layer 107. As shown in Fig. 
13 the venthole 135 has the same structure as the 
venthole 134 and consists of a first passage 135a 
leading outside and a second passage 135b con- 
nected to the first passage 135a and having a 
larger cross section than the first passage 135a. 

After the opening portion 125 is formed in the 
resin fflm 112 above the drain terminal 104a of the 
TFT device 104 on the substrate in the process (6), 
the third pixel electrode M3 is formed and con- 
nected to the drain terminal 104a in the process (7). 
Thus, as shown in Fig. 1 1(b) the gap for composing 
the second liquid crystal 107, the resin film 112, 
and the third pixel electrode M3 are formed. 

(9) The third liquid crystal layer 108 is formed. The 
layer 108 is formed by performing the processes 
(2)-(5) again. First, in the processes (2) and (3). the 
supporting members 120 and the adhesive layer 
133 are formed in the same positions as the sup- 
porting members 119 of the second liquid crystal 
layer formed on the resin film 112. In the process 
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(4), the resin film 113 is bonded to the supporting 
members 120 so as to form a gap between the 
resin films 1 12 and 113 to seal liquid crystal there- 
into. The slow axis of the resin film 1 13 is made the 
same direction as those of the resin films 111 and 
112. In the process (5) the treatment is conducted 
to reduce the surface tension in the vicinity of the 
first passage 136a of the venthole 136 (refer to 
Figs. 1 3 and 1 7) leading to the gap of the third liquid 
crystal layer 108. As shown in Fig. 13 the venthole 
136 has the same structure as the venthole 134 
„ and consists of a first passage 136a leading outside 
and a second passage 1 36b connected to the first 
passage 136a and having a larger cross section 
than the first passage 136a. The ventholes 134-136 
are formed in different positions as shown in Fig. 
13. 

(10) A process of forming the common electrode 
1 16 onto the resin film 1 13 is conducted. The com- 
mon electrode 116, which also serves as a reflec- 
tive plate is formed as thick as 0. 1 \xrr\ by aluminum 
deposition. 

(11) A process of forming the protection film 117 
made of an acrylic resin onto the resin film 1 1 3 pro- 
vided with the common electrode 1 1 6 is conducted. 

(12) A process of implanting liquid crystal in a vac- 
uum is conducted. First, the substrate 101 and the 
resin films 111, 112, and 1 1 3 are divided along the 
line C-C shown in Fig. 13 so as to remove the first 
passages 134a, 135a, and 136a having increased 
surface tension, thereby making the second pas- 
sages 134b, 135b, and 136b function as the inlets 
of the liquid crystal. Then, the structure comprising 
the substrate and the resin films stacked thereorrto 
is put into a vacuum implanting device together with 
three liquid crystal holders each containing guest 
host liquid crystal in which a dichroic dye of cyan, 
magenta, or yellow is dissolved. After the vacuum 
evacuation, the second passages 134b, 135b, and 
136b of the three liquid crystal layers are each 
made to be in contact with the surface of the liquid 
crystal of each liquid crystal holder so as to vac- 
uum-implant the guest host liquid crystal corre- 
sponding to each color into the gaps of the three 
liquid crystal layers. After these gaps are all filled 
with the liquid crystals, the substrate is taken out of 
the vacuum implanting device, and the three sec- 
ond passages 134b, 135b, and 136b are sealed 
with an ultraviolet curing resin. Thus, the liquid crys- 
tals 121-123 are sealed into the gaps of the first- 
third liquid crystal layers 106-108. 

[0266] As a result of these processes, the liquid crys- 
tal display device shown in Fig. 1 is completed. The 
extremely thin resin films are bonded onto the support- 
ing members, and the liquid crystal layers are formed by 
sealing liquid crystals into the gaps between the sub- 
strate and the resin film and between adjacent resin 



films. This makes the liquid crystals makes up a larger 
proportion of the liquid crystal layers, so as to increase 
the substantial open area ratio, thereby realizing high 
contrast ratio and bright display. Furthermore, the small 

5 . thickness of the resin films enables the liquid crystal dis- 
play device to be driven at a low voltage, and not requir- 
ing glass substrates can realize bright display without 
parallax. Although the positive type photo resist is used 
as the supporting members and the adhesive layers in 

70 the present embodiment, a negative type photo resist 
may be used instead. In that case, instead of providing 
a light shielding film between the substrate and the sup- 
porting members, a reflective film is provided on the 
area where no supporting members are provided and 

is used as a mask in forming the supporting members and 
the adhesive layers. Since the reflective film is formed 
on the substrate, the uppermost resin film has a trans- 
parent conductive film thereon as the common elec- 
trode. 



20 



(EMBODIMENT 1-2) 



[0267] In Embodiment 1-1 the adhesive layers are 
formed exclusively on the supporting members in the 

25 adhesive layer formation process. Instead of this proc- 
ess, it is possible to conduct a process of previously 
coating the resin film with an adhesive layer and use it 
as the adhesive layer. In that case, the adhesive layers 
can be formed while the resin films are being produced, 

30 making it unnecessary to conduct a process of forming 
adhesive layers onto the supporting members, thereby 
simplifying the fabrication processes. In the process of 
bonding the resin film to the substrate, the surface of the 
resin film having the adhesive layer thereon is in contact 

35 with the supporting members formed on the substrate. 
The adhesive layer can be provided on both surfaces of 
the resin film. 

[0268] The adhesive layers on the resin films are pro- 
duced by thinly coating a polyester resin film with a resin 

40 mainly composed of a polyethylene resin, a poly- 
urethane resin, or the like exerting its thermoplastic 
characteristics at a lower temperature than the polyes- 
ter resin. The thickness of the adhesive layers is made 
to be 1/5 to 1/10 of that of the resin films. Such thin 

45 adhesive layers can reduce a voltage decrease caused 
therein. 

[0269] The thin adhesive layers are produced as fol- 
lows. A resin film having a thickness of about several fim 
is coated with a resin which is to be an adhesive layer 
so before it is rolled out to be thinner. This makes the resin 
film and the adhesive layer thinner at the same ratio as 
they are before being rolled out, so that the obtained 
adhesive layer can be extremely thin and even. 

55 (EMBODIMENT 1-3) 

[0270] In Embodiment 1-1 the ventholes 134-136 are 
provided to ventilate the gaps between the substrate 
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and the resin film and between adjacent resin films in 
the vicinity of the display part, and the surface tension is 
increased in the vicinity of the first passages 134a-1 36a 
of the ventholes in order to prevent the flow of solutions 
into the gaps through the ventholes. In the present 
embodiment, on the other hand, the flow of the solutions 
can be avoided by sealing the vicinity of the display part 
and closing the ventholes. In that case, since the air in 
the gaps may expand to break the resin films in the 
process involving heating or vacuum evacuation, a part 
of the sealed display part is penetrated to form vent- 
holes before the process. The ventholes are closed 
after the process involving heating or vacuum evacua- 
tion and before the process of soaking the substrate in 
the solution. The ventholes, which are provided in the 
area other than the pixels in the vicinity of the display 
part, are each formed by making a hole of 50 \xrr\ in 
diameter in the resin films with a laser beam. The clos- 
ing of the ventholes is done by pressing the ventholes 
with an iron head heated to around 200°C so as to heat- 
joint the resin films. 

[0271] Since the formation of the three liquid crystal 
layers requires to repeat the process of opening and 
closing the ventholes three times, the ventholes are 
formed in different positions each time. As a result, the 
liquid crystal display device similar to that of Embodi- 
ment 1 is obtained. The ventholes can be closed by 
using an adhesive tape. In that case, the process of 
opening and closing the ventholes is repeated by apply- 
ing and removing the tape, so as to obtain the same 
effects as in Embodiment 1 . The tape should be resist- 
ant to the solutions in which the substrate is soaked and 
preferably has comparatively weak adhesion. 

(EMBODIMENT 1-4) 

[0272] In Embodiments 1-1 and 1-3, the ventilation of 
the gaps is realized by providing ventholes. In the 
present embodiment, on the other hand, instead of pro- 
viding ventholes, the resin films 111-113 have breatha- 
bility. These resin films allow air to go into and out of the 
gaps in the process involving heiating or vacuum evacu- 
ation, which prevents inconvenience such as the break- 
age of the resin films due to the expansion of the air 
when the films have no breathability, or the flow of the 
solutions into the gaps in the process of soaking the 
substrate in the solutions. Also, a combination of the 
use of the breathable resin films and the formation of 
the ventholes improves the ventilation of the gaps and 
the effect of preventing the breakage of the resin films. 
In the case where resin films having breathability and 
water vapor permeability are used, oxygen or water in 
the air may go into the gaps through the resin films after 
the liquid crystal display device is completed. As a 
result, the retention ratio of the liquid crystal deterio- 
rates thereby decreasing the display performance. 
However, the deposition of aluminum as the common 
electrode onto the uppermost resin film as in Embodi- 



ment 1-1 can block the permeation of oxygen or water 
as a shading film. The process of forming a shading film 
becomes unnecessary, thereby simplifying the fabrica- 
tion processes. When the resin films are exposed in 
5 parts on the surface of the liquid crystal display device, 
it is necessary to provide a shading film having neither 
breathability nor water vapor permeability onto the 
uppermost resin film 1 13 so as to prevent a decrease in 
display performance. 

10 

(EMBODIMENT 1-5) 

[0273] In Embodiment 1-1, the reflective film 116 
which also serves as the common electrode is formed 

is onto the uppermost resin film 113 so as to provide a 
reflective plate. Since the reflective film formed on the 
even resin film has a specular surface, there is a prob- 
lem that the light source is reflected in the reflective film 
and disturbs the view of the display, while when the dis- 

20 play device is seen from an angle causing no reflection, 
the display becomes dark. In order to solve the problem, 
a liquid crystal display device has been proposed in 
Japanese Laid-open Patent Application No. 4-243226. 
The liquid crystal display device is provided with a 

25 reflective film which has diffusion due to fine concave 
and convex portions formed on its surface. The diffusion 
is obtained by providing a resin layer having fine con- 
cave and convex portions onto the substrate, and fur- 
ther providing a reflective film onto the resin layer. If 

30 such a reflective film having fine concave and convex 
portions is formed on the substrate in the structure of 
Embodiment 1-1 , new problems may be caused such as 
(1) the concave and convex portions on the substrate 
surface prevents keeping the space between the reflec- 

35 tive film and the resin film uniformly and (2) when a back 
side exposure is conducted to form the supporting 
members and the adhesive layers, the light is shielded 
by the reflective film, so that the supporting members 
and the adhesive layers cannot be formed in the same 

40 position by using a positive-type photo resist like in 
Embodiment 1-1. 

[0274] In view of these problems, the present embod- 
iment provides a resin layer 150 having a number of fine 
concave and convex portions on the uppermost liquid 

45 crystal layer or the uppermost resin film 113, and further 
provides a reflective film 151 on the resin layer 150 as 
shown in Fig. 18. The resin layer 150 is made of a trans- 
parent positive type photo resist and the reflective film 
151 is formed by depositing aluminum. This structure 

so enables the reflective film formed on the liquid crystal 
layer to have diffusion, so as to make the display clearer 
and to solve the problems. The present invention differs 
from the above-mentioned Japanese application in that 
the surface of the reflective film having concave and 

55 convex portions which faces the resin layer is used as a 
reflective surface, and the display becomes dark when 
the resin layer absorbs too much light. Therefore, the 
resin layer 150 must be made from a transparent mate- 
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rial as mentioned above. 

[0275] The present embodiment makes the reflective 
film also serve as the common electrode, so that when 
a voltage is supplied between the electrodes, the resin 
layer causes a voltage drop, thereby lowering a voltage 
supplied to the liquid crystal layers. In order to avoid this 
problem, a transparent common electrode may be 
arranged between the resin film 113 and the resin layer 
1 50. In that case, light may be absorbed by the common 
electrode so as to darken the display. 
[0276] The fabrication processes of the present 
embodiment will be described as follows, focusing on 
the parts different from the embodiment 1-1. After con- 
ducting the processes (l)-(9) of Embodiment 1-1 in the 
same manner, the process (10) of forming a reflective 
film is performed as follows. A positive type photo resist 
is applied as thick as 1 urn onto the resin film 113. As 
shown in Fig. 19 a mask exposure and developing are 
conducted by using a photo mask 153 having a number 
of fine circular holes 152 and a patterning is conducted. 
After this, an entire surface exposure is conducted in 
order to make the resist transparent, and then the sub- 
strate is baked in an oven at 200 °C. As the photo resist, 
a material causing heat drips during the baking is used 
so as to change the convex portions on the surface of 
the resin layer from those indicated by the full line 1 54 
into the round forms indicated by the imaginary line 155. 
thereby making the concave and convex form milder. 
Then, a 0.1 nm-thick, reflective film 151 is formed on the 
surface of the resin layer by aluminum deposition. Liquid 
crystal is implanted in the same manner as in the proc- 
ess (1 2) of Embodiment 1 -1 so as to complete the liquid 
crystal display device shown in Fig. 18. A protection film 
may be provided onto the reflective film by conducting 
the process (11) of Embodiment 1-1 in the same man- 
ner. 

[0277] Thus, the reflective film having diffusion can be 
formed onto the liquid crystal layer, so that a better dis- 
play is obtained. 

[0278] As described hereinbefore in the embodiments 
1-1 through 1-5, a liquid crystal display device com- 
prises gaps formed between the substrate and the resin 
film and between adjacent resin films so as to seal liquid 
crystal thereinto. The liquid crystal display device thus 
produced has bright display and a high contrast ratio, 
without unevenness in color resulting from the parallax 
caused when the liquid crystal layers are stacked. Fur- 
thermore, since resin films are used as the sealing films 
and the resin films are bonded onto the supporting 
members via the adhesive layers, the fabrication proc- 
esses are simplified and the fabrication yield is 
improved. 

[EMBODIMENT 2] 

[0279] The first embodiment requires a process of 
forming contact holes every time a resin film is stacked, 
in order to connect the electrode on each resin film and 



the connection terminals of the driving elements on the 
substrate. To be more specific, the liquid crystal display 
device having three liquid crystal layers stacked on the 
substrate requires twice conducting the process of 
5 forming contact holes. In view of this aspect, the present 
embodiment features a simplified process of forming 
contact holes. The specific structure will be described 
based on the following embodiments. 

io (EMBODIMENT 2-1) 

[0280] Fig. 21 is a cross sectional view of the main 
part of the liquid crystal display device of the present 
embodiment, and Fig. 22 is a plane view of the same 

is taken along the line indicated with arrows X-X of Fig. 21 , 
and a cross sectional view taken along the line Y-Y of 
Fig. 23. Figs. 21 and 22 show one pixel part in th 
center of the liquid crystal display device. 
[0281 ] Hie present embodiment is an embodiment of 

20 the present invention applied to a color liquid crystal dis- 
play device. The color liquid crystal display device com- 
prises three resin films stacked on a substrate and gaps 
which are formed between the substrate and the lower- 
most resin film and between adjacent resin films, and 

25 are each filled with a guest host liquid crystal containing 
a dichroic dye having a different color from the other 
dichroic dyes. 

[0282] The specific structure of the liquid crystal dis- 
play device will be described with reference to Figs. 21 
30 and 22. 

[0283] Resin films 202, 203, and 204 are stacked in 
that order onto a substrate 201 in such a manner as to 
be supported by supporting members 205, 206, and 
207, respectively, provided thereunder. Gaps A, B, and 

35 C with a height of 5 fim are formed between the sub- 
strate 201 and the resin film 202, between the resin 
films 202 and 203, and between the resin films 203 and 
204, respectively. The gaps A, B, and C are filled with 
guest host liquid crystals 224, 225, and 226 containing 

40 a dichroic dye of cyan, magenta, and yellow, respec- 
tively. The resin films 202, 203. and 204 are 1 nm thick 
and mainly composed of polyethylene terephthalate * 
(PET). Other resin films whose main component is not 
PET can be also used. 

45 [0284] The supporting members 205, 206, and 207 
are a positive type resist and each consist of a number 
of pillars whose cross section orthogonal to the axis is a 
square (10 urn x 10 \im in the present embodiment). 
The supporting members 205, 206, and 207 are 

so arranged so as to be distributed across the entire pixel 
part with a fixed pitch, and to maintain the gaps A, B, 
and C. 

[0285] The substrate 201 is a transparent substrate 
made of glass or the like. The substrate 201 is provided 
55 with a pixel electrode 208 patterned in a fixed shape 
and TFT devices 221 , 222, and 223 as driving elements 
thereon. Wrinkle reduction layers 218, 219, and 220 are 
provided on the resin films 202, 203, and 204, respec- 
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lively. Pixel electrodes 209 and 210 patterned in a fixed 
shape are provided on the wrinkle reduction layers 218 
and 219, whereas a common electrode 21 1 is provided 
on the wrinkle reduction layer 220. Alignment films 228. 
229 t and 230 made of polyimide are provided on the 
pixel electrodes 208, 209, and 210, respectively, in 
order to align the liquid crystals 224, 225, and 226. 
[0286] The gaps A, B, and C are provided with two 
cubic interconnection pad strings 241 and 242 for each 
pixel. The cubic interconnection pad string 241 consists 
of three cubic interconnection pads 241a, 241b, and 
241 c arranged almost at the same position in the direc- 
tion vertical to the substrate 201 . The cubic interconnec- 
tion pad string 242 consists ol three cubic 
interconnection pads 242a, 242b, and 242c arranged 
almost at the same position in the direction vertical to 
the substrate 201. These cubic interconnection pads 
241a-241c and 242a-242c are pillars each having a 
square cross section orthogonal to the axis, and are 
made from a positive type resist just like the supporting 
members 205, 206, and 207. A contact hole 212 is 
formed through the cubic interconnection pads 241a, 
241b, and 241c and the resin films 202, 203, and 204. 
Another contact hole 213 is formed through the cubic 
interconnection pads 242a, 242b, and 242c and the 
resin films 202. 203, and 204. The contact terminal 
222a of the TFT device 222 is exposed inside the con- 
tact hole 212, and the contact terminal 223a of the TFT 
device 223 is exposed inside the contact hole 213. The 
contact hole 212 has a function to connect the pixel 
electrode 209 and the TFT device 222, and the contact 
hole 213 has a function to connect the pixel electrode 
210 and the TFT device 223. The part of the alignment 
film 229 that is exposed inside the contact hole 212 is 
removed in order to make a part of the pixel electrode 
209 under the alignment film 229 be projected and 
exposed inside the contact hole 212. The part thus 
exposed inside the contact hole 212 of each of the con- 
nection terminal 222a and the pixel electrode 209 is in 
contact with a conductive member 214 so that the TFT 
device 222 and the pixel electrode 209 are electrically 
connected. In the same manner, the part of the align- 
ment film 230 that is exposed inside the contact hole 
213 is removed in order to make a part of the pixel elec- 
trode 210 under the alignment film 230 be projected and 
exposed inside the contact hole 213. The part thus 
exposed inside the contact hole 21 3 of each of the con- 
nection terminal 223a and the pixel electrode 210 is in 
contact with a conductive member 21 5 so that the TFT 
device 223 and the pixel electrode 210 are electrically 
connected. The connection terminal of the TFT device 
221 is connected to the pixel electrode 208 on the sub- 
strate 201. This structure realizes cubic interconnection 
with respect to each of the pixel electrodes 208. 209. 
and 21 0 and the common electrode 211 arranged in the 
vertical direction, and makes the connection/interrup- 
tion of the TFT devices 221 . 222. and 223 control volt- 
ages between the pixel electrodes 208 and 209. 



between the pixel electrodes 209 and 210, and between 
the pixel electrode 210 and the common electrode 21 1 , 
so as to achieve a full-color display. 
[0287] The connection structure inside the contact 

5 holes 212 and 213, which is the main feature of the 
present invention will be detailed as follows. 
[0288] Concerning the contact hole 212, the bottom 
surface of the resin film 202 is projected from the inter- 
nal surface of the contact hole 212 towards the center of 

10 the diameter, and the bottom surfaces of the resin films 
203 and 204 arranged above the resin film 202 form a 
single plane with the internal surface of the contact hole 
212. The part of the resin film 202 that is projected 
inside the contact hole 212 has the pixel electrode 209 

is thereon, which is exposed inside the contact hole 212. 
In order to obtain the pixel electrode 209 thus exposed, 
the pixel electrode 209 is made of an inorganic material 
(ITO) resistant to dry etching using oxygen plasma or 
the like, and when dry etching is conducted to form the 

20 contact hole 212, the difference in etching rate between 
the pixel electrode and the resin films made of an easily 
etched material is used. 

[0289] The exposure of the pixel electrode 209 inside 
the contact hole 212 makes the conductive member 214 

25 and the pixel electrode 209 be in contact with each 
other with their surfaces so as to secure the connection 
therebetween. Consequently, the reliability of the con- 
nection between the pixel electrode 209 and the con- 
nection terminal 222a of the TFT device 222 is 

30 improved. 

[0290] Concerning the contact hole 213, in the same 
manner as the contact hole 212, the resin film 203 and 
the pixel electrode 210 formed thereon are projected 
inside the contact hole 213, so that the pixel electrode 

35 210 is exposed inside the contact hole 213 and in con- 
tact with the conductive member 215. This structure 
secures the connection between the pixel electrode 210 
and the conductive material 215, thereby improving the 
reliability of the connection between the pixel electrode 

40 210 and the connection terminal 223a. 

[0291] The wrinkle reduction layers 218, 219, and 
220, which are another feature of the present embodi- 
ment will be described. These wrinkle reduction layers 
218-220 are 0.2 fim-thick films made from a material 

45 resistant to spattering such as an acrylic resin. In form- 
ing the electrodes, the wrinkle reduction layers made of 
the acrylic resin are provided onto the resin films and 
then ITO is spattered onto the wrinkle reduction layers 
to form inorganic material layers. 

so [0292] The reason of the provision of the wrinkle 
reduction layers is as follows. The inventors of the 
present invention have found a problem that when an 
inorganic material such as ITO is directly spattered onto 
a resin film with a thickness of 10 urn or less, the resin 

55 film wrinkles as shown in Fig. 23 by the impact of the 
spattering. Fig. 23 is a plane view of one pixel when the 
processes up to the formation of the pixel electrode 209 
onto the substrate 201 are conducted in the fabrication 
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of the liquid crystal display device shown in Fig. 21. Fig. 
23 roughly corresponds to Fig. 22, while omitting gate 
lines, source lines, and other components. As shown in 
Fig. 23 the resin film 202 on the whole pixel part has 
wrinkles 250 through the columnar supporting members 5 
205 arranged with a 50 \im pitch, which causes the light 
to be diffused on the surface of the resin film 202. In 
order to reduce or prevent wrinkles, the wrinkle reduc- 
tion layers 218, 219, and 220 are provided. As a result, 
the resin film is formed in a smooth condition as shown 70 
in Figs. 22 and 24(b). Although the wrinkle reduction 
layers in the present embodiment are made of an acrylic 
resin, they may be made of an organic resin containing 
silica particles to obtain the same effects. 
[0293] In the present embodiment, an ITO film as the 15 
transparent electrode is formed on each resinfilm. Even 
when another inorganic material (such as indium oxide 
zinc) is formed on each resin film, the wrinkling of the 
resin films can be reduced or prevented by providing the 
wrinkle reduction layers. 20 
[0294] The problem of the wrinkling of the resin films 
is not limited to the case where gaps are formed 
between the substrate and the resin film and between 
adjacent resin films and supported by the spacers as in 
the present embodiment. The same problem is caused 25 
in the case where the resin film having a thickness of 
about 10 *im or below is tightly arranged onto the sub- 
strate and an inorganic material is directly applied onto 
the resin film. In that case, the wrinkling can be reduced 
or prevented by providing the wrinkle reduction layer. 30 
[0295] The fabrication processes of the liquid crystal 
display device having the above-mentioned structure 
will be described with reference to Figs. 24-27 which 
simplify the fabrication processes seen from the same 
cross section as in Fig. 21 . 35 
[0296] First of all, the alignment firm 228 is formed 
onto the substrate 201 provided with the TFT devices . 
221 , 222, and 223 thereon. Then, cubic interconnection 
pads 241 a and 242a made of a positive type resist and 
comprising the supporting members 205 and holes 40 
212a and 213a (corresponding to parts of the contact 
holes 212 and 213) are formed onto the alignment film 
228. The resin film 202 .is applied onto the supporting 
members 205 and the pad 241a and 242a by using a 
laminator, so as to make the structure shown in Fig. 45 
24(a). The resin film 202 is bonded to the supporting 
members 205 and the cubic interconnection pads 241a 
and 242a via a very thin adhesive layer of a positive 
type resist. In Fig. 24(a) the adhesive layer is included in 
the supporting members 205 and the pads 241a and so 
242a. 

[0297] As shown in Fig. 24(b) an acrylic resin is 
applied as thick as 0.2 \im onto the resin film 202 by 
spin coating and hardened to form the wrinkle reduction 
layer 218. An ITO film is formed as thick as 0.13 |im 55 
onto the wrinkle reduction layer 218 by spattering. Thus, 
the provision of the wrinkle reduction layer prevents the 
resin film from being wrinkled by the formation of an ITO 



film. The ITO film is patterned into the form of a pixel by 
photolithography and etching with hydroiodic acid, so as 
to form the pixel electrode 209. The patterning is con- 
ducted so as to remove the ITO film from the area cor- 
responding to the hole 212b having a smaller size than 
the hole 212a as shown in Figs. 24(b) and 22 and to 
leave the vicinity of the hole 212b. The pixel electrode 

209 in the vicinity of the hole 213a is-removed. 
[0298] After these processes are conducted once 
more to form the alignment film 229, the supporting 
members 206, and the cubic interconnection pads 241 a 
and 242b, the resin film 203 is applied thereonto, and 
the wrinkle reduction layer 219 and the pixel electrode 

210 are formed. The patterning is conducted so as to 
remove the ITO film from the area of the pixel electrode 
210 corresponding to the hole 213b having a smaller 
size than the hole 213a as shown in Figs. 25(a) and to 
leave the vicinity of the hole 213b. In the vicinity of the 
contact hole 212, the ITO is removed. By conducting the 
same processes one more time, the structure shown in 
Fig. 25(a) comprising three resin film layers stacked on 
the substrate is formed. The common electrode 21 1 is 
made by spattering ITO in the same manner as the pixel 
electrode 209, and a patterning is conducted so as to 
remove the electrodes in the vicinity of the contact holes 

212 and 213. 

[0299] As shown in Fig. 25(b) a positive type resist 
227 is applied as thick as 6 urn, and a mask exposure 
and developing are conducted so as to remove the 
resist only from the area of the contact holes 212 and 
213. 

[0300] Then, the contact holes 212 and 213 are 
formed by the RIE with oxygen plasma which is a kind of 
dry etching. The resin films, the positive type resist, the 
alignment film, and the acrylic resin composing the 
wrinkle reduction layers are etched by the RIE, whereas 
the pixel electrode made from ITO is hardly etched. In 
the present embodiment, the resin films and the positive 
type resist are etched at the rate of 1 nm-depth per 
minute with an oxygen flow rate of 15 SCCM and an 
electric power of 150 W. When the etching is started 
from the positive type resist 227 side of Fig. 25(b), the 
etching proceeds exclusively on the surface of the posi- 
tive type resist 227 and in the contact holes 212 and 
213. In the contact holes 212 and 213 the wrinkle reduc- 
tion layer 220 and the resin film 204 are removed, which 
is followed by the removal of the alignment film 230, thr 
wrinkle reduction layer 219, and the resin film 203. At 
this moment, in the contact hole 21 3 after the alignment 
film 230 is removed, the wrinkle reduction layer and the 
resin film are removed exclusively from the internal por- 
tion of the hole 213b formed by removing the pixel elec- 
trode 210 by a patterning. Since the part of the pixel 
electrode 210 which is projected inside the contact hole 

213 is not etched and left together with the underlying 
resin film 203, the part of the pixel electrode 210 can be 
exposed inside the contact hole 213. Then, the align- 
ment film 229, the wrinkle reduction layer 218, and the 
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resin film 202 are removed. The alignment film 229, the 
wrinkle reduction layer 218, and the resin film 202 are 
removed only from the areas right under the internal 
area having the same size as the hole 213b. 
[0301] In the contact hole 2 12, on the other hand, after 
the removal of the alignment film 229, the resin film 202 
is removed exclusively from the internal part of the hole 
212b which is formed by removing the pixel electrode 
209 by patterning. The resin film 202 is left without 
being etched at the part of the pixel electrode 209 which 
is projected inside the contact hole 212, so that the pixel 
electrode 209 is exposed inside the contact hole 212. 
Furthermore, the alignment film 228 over the connec- 
tion terminals 222a and 223a of the TFT devices is 
removed, so that these connection terminals 222a and 
223a are exposed inside the contact holes 212 and 21 3. 
[0302] By conducting the RIE for 5 minutes, the pixel 
electrodes 209 and 210 and the connection terminals 
222a and 223a are exposed inside the contact holes 
212 and 213 as shown in Fig. 26(a), and the remaining 
portions are protected by the positive type resist 227. 
[0303] The conductive members 214 and 215 made of 
a water-soluble carbon resin are applied by spin coating 
as shown in Fig. 26(b). Consequently, the contact holes 
212 and 213 are f Bled with the conductive members 214 
and 215. After that, the positive type resist 227 is 
removed with a removal solution to make the conductive 
members applied other than in the contact holes 212 
and 213 are separated together with the positive type 
resist 227. As a result, the structure shown in Fig. 27 is 
formed where the conductive members 214 and 21 5 are 
sealed exclusively into the contact holes 212 and 213. 
Thus, in the contact holes 212 and 213 the pixel elec- 
trodes 209 and 210 exposed inside these contact holes 
are in contact with the conductive members 214 and 
215, securing their connection with the connection ter- 
minals 222a and 223a. Consequently, it is secured to 
control the supply of a voltage onto the pixel electrodes 
209 and 210 by the TFT devices 222 and 223 on the 
substrate. 

[0304] As a result of these processes, the contact 
boles can be formed by conducting the formation proc- 
ess only one time while the electric connection being 
secured in the contact holes. Thus, the contact holes 
formation process can be simplified. 
[0305] It may be easily understood that the contact 
holes can be formed in a single formation process if the 
process is conducted after all the resin films are 
stacked, thereby simplifying the production processes. 
However, when the alignment film for aligning liquid 
crystal is formed onto the substrate, if the resin films 
provided with electrodes thereon are merely stacked 
and then the contact holes are formed after that, the 
pixel electrodes on the resin films are exposed only on 
the cross section of the contact holes. When the elec- 
trodes are made from ITO, the thickness of the elec- 
trodes is often set to be about 0.1 to 0.2 urn from the 
optical characteristics. Therefore, when the contact 



holes are formed and then provided with conductive 
members in order to be connected with electrodes, the 
electrodes are in contact with the conductive members 
only at the cross section whose thickness is 0.1 to 0.2 

5 urn, which is not sufficient to expect secure connection. 
In contrast, the structure of the present embodiment 
where the pixel electrodes are projected and exposed 
inside the contact holes provides a large area for the 
pixel electrodes and the conductive members to contact 

to each other, thereby securing their connection. 

[0306] Although the pixel electrodes are covered with 
the alignment film in the present embodiment, the pixel 
electrodes not covered with a resin film like the align- 
ment film can be exposed inside the contact holes, pro- 

is viding the same effects. 

(EMBODIMENT 2-2) 

[0307] Fig. 28 is a cross sectional view of the main 

20 part of the liquid crystal display device of Embodiment 
2-2. The feature of the present embodiment is that the 
internal surfaces of the contact holes 212 and 213 have 
steps so as to expose the pixel electrodes 209 and 210 
inside the contact holes 212 and 213, respectively. To 

25 be more specific, the contact holes 212 and 213 with 
steps are formed by making the size of the holes 212b 
and 212c of the cubic interconnection pads 241b and 
241c larger than that of the hole 212a of the cubic inter- 
connection pad 241a, and the size of the hole 213c of 

30 the cubic interconnection pad 242c larger than that of 
the holes 213a and 213b of the cubic interconnection 
pads 242a and 242b. This structure enables the pixel 
electrodes to be exposed, without being projected 
together with the resin films like eaves as in Embodi- 

35 ment 2-1. As a result, it becomes possible to form the 
contact holes by a single formation process as in 
Embodiment 2-1 and also to increase the area for the 
pixel electrodes and the conductive members to be in 
contact with each other, so as to provide secure con- 

40 nection. 

(EMBODIMENT 2-3) 

[0308] In Embodiment 2-1 , contact holes are formed 
45 by patterning a positive type resist and conducting the 
RIE dry etching. In contrast, in the present embodiment 
the contact holes are formed by using a laser to remove 
the resin films in the form of spots. The method of form- 
ing contact holes according to the present embodiment 
so will be described with reference to Fig. 29. 

[0309] As shown in Fig. 29(a) in the same manner as 
Embodiment 2-1, three resin films 202, 203, and 204, 
the pixel electrodes 208, 209, and 210, and the com- 
mon electrode 21 1 are stacked on the substrate 201 
55 with spacers and the cubic interconnection pads 241a- 
241c and 242a-242c therebetween. Then, as shown in 
Fig. 29(b) a laser is irradiated upon the spots where the 
contact holes 212 and 213 are formed. The size of the 
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holes 21 2d and 213d formed by removing the resin films 
with the laser is made smaller than that of the holes 
212a and 213a of the cubic interconnection pads. As a 
result, like in Embodiment 2-1, the resin films 202 and 
203 and the pixel electrodes 209 and 210 can be pro- 5 
jected inside the contact holes. However, the pixel elec- 
trodes 209 and 210 are not exposed because they are 
still covered with the alignment films 229 and 230. 
Therefore, after the formation of the contact holes, 
before filling the conductive members 214 and 21 5, the w 
contact holes 212 and 213 are cleaned with a solution 
which can dissolve the alignment films 229 and 230, so 
as to expose the electrodes 209 and 210 as shown in 
Fig. 30(a). Then, as shown in Fig. 30(b) the contact 
holes 212 and 213 are filled with the conductive mem- 15 
bers 214 and 215, respectively, so as to connect the 
electrodes on the resin films and the conductive mem- 
bers. Since this method enables the contact holes to be 
formed in the electrodes on the resin films and in the 
resin films at the same time, it is unnecessary to remove 20 
the electrodes from the spots where the contact holes 
are formed, when the electrodes on the resin films are 
patterned. 

(EMBODIMENT 2-4) 25 

[0310] In Embodiment 2-1 spacers are provided 
between the substrate and the resin films and between 
adjacent resin films, and liquid crystal is sealed into the 
gaps. However, in the case where the resin films are 30 
merely stacked without providing such gaps, the cubic 
interconnection of the vertically arranged pixel elec- 
trodes can be produced by conducting the contact holes 
formation process only once. Although the resin films 
are previously formed into films in Embodiment 2-1 , a 35 
resin material can be applied onto the substrate so as to 
make a film. One such example is shown in the present 
embodiment. 

[0311] Figs. 31(a)-31(d) show production processes 
of the resin film structure according to the present 40 
embodiment. The resin film structure can be made of a 
multi-layer circuit substrate. First, a resin film 232 is 
applied by spin coating onto a substrate 231 provided 
with an electrode 235 thereon. The resin film 232 is 
made of the same acrylic resin as the wrinkle reduction 45 
layers used in Embodiment 2-1 . An electrode 236 made 
of ITO is formed onto the resin film 232 and patterning 
is conducted in such a manner as to remove the portion 
239a which is to be the contact hole 239. The resin films 
233 and 234 are further applied by spin coating so as to so 
form the structure shown in Fig. 31(a). After these resin 
films are stacked, a positive type resist 240 is applied as 
shown in Fig. 31(b), and a portion 239 where the con- 
tact hole is formed is removed by mask exposure and 
developing. Then, the resin films 232, 233, and 234 in 55 
the portion 239 for the contact hole are removed by dry 
etching, so as to expose the electrodes 235 and 236 
inside the contact hole, as shown in Fig. 31(c). By filling 



the contact hole 239 with a conductive member 238 in 
the same^manner as in Embodiment 2-1 , the electrodes 

235 and 236 are connected with each other via the con- 
ductive member 238, thereby realizing cubic intercon- 
nection. 

(EMBODIMENT 2-5) 

[0312] Figs. 32(a)-32(d) show production processes 
of the resin film structure of Embodiment 2-5. The 
present embodiment has a feature of connecting elec- 
trodes on different resin films. In other words, the 
present embodiment basically has the same structure 
as Embodiment 2-4, but differs in that the electrodes 

236 and 237 formed on the resin films 232 and 233, 
respectively, are connected to each other via the con- 
ductive member 238. When the electrodes on the differ- 
ent resin films are connected to each other, as shown in 
Fig. 32(a) a portion 239a on the electrode 236 which is 
to be removed to form a contact hole is made smaller 
than a portion 239b on the electrode 237. Thus, larger 
areas are removed in upper layers. As a result of the 
positive type resist 240 being formed as shown in Fig. 
32(b) and the contact hole being toned by dry etching 
as shown in Fig. 32(c). the electrodes 236 and 237 are 
exposed in the contact hole 239. When the contact hole 
239 is filled with the conductive member 238 as shown 
in Fig. 32(d) the electrodes 236 and 237 are connected 
each other via the conductive member 238. Thus, both 
the electrodes 236 and 237 are exposed inside the con- 
tact hole, thereby securing the connection between the 
electrodes. 

(EMBODIMENT 2-6) 

[0313] Fig. 33 shows a cross sectional view of the 
resin film structure of Embodiment 2-6. While Embodi- 
ments 2-4 and 2-5 connect the electrodes each other, 
the present embodiment has a feature of electrically 
connecting driving elements 245 and 246 formed on the 
substrate 231 with the electrodes 236 and 237. The 
resin film structure is produced as follows. Two contact 
holes 247 and 248 are formed basically in the same 
manner as in Embodiments 2-4 and 2-5. Then, parts of 
the electrodes 236 and 237 are exposed inside the con- 
tact holes 247 and 248 so as to be electrically con- 
nected with the connection terminals 245a and 246a of 
the driving elements 245 and 246, respectively, via the 
conductive members 249 and 250. 

(OTHERS) 

[0314] Although the conductive members used for the 
connection in the contact holes are a carbon paint in 
Embodiments 2-1 through 2-6, other conductive materi- 
als can be used as well. For example, a metallic film 
such as electrodeless plating can be applied onto the 
surface of the contact holes. In that case, after the for- 
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mation of the metallic film onto the contact holes, the 
positive type resist for protecting the resin film is elimi- 
nated so as to remove the metallic film formed other 
than on the contact holes, which brings about the same 
effects as in Embodiment 2-1 . 

[031 5] Embodiments 2-1 through 2-3 show liquid crys- 
tal display devices. By disposing a luminophor such as 
electroluminescence which emits light when there is a 
voltage supply between the substrate and the resin film 
or between adjacent resin films, a display device having 
multi-layer structure with improved reliability concerning 
electric connection can be obtained. 
[031 6] As shown in Embodiments 2-4 through 2-6, the 
present invention can be used as something other than 
display devices. For example, the invention is used for 
the construction of cubic interconnection of stacked lay- 
ers in a circuit substrate with resin films. 
[031 7] As described hereinbefore, Embodiments 2-4 
through 2-6 achieve the connection between the elec- 
trodes formed on different resin films in the resin film 
structure with stacked resin films by conducting the con- 
tact holes formation process one time, which secures 
the connection in the contact holes. 
[0318] Furthermore, when a transparent electrode 
made of an inorganic material such as ITO is formed on 
the resin films, the resin films are prevented from wrin- 
kling, keeping the surfaces in a smooth state. As a 
result, the characteristics of the display devices are not 
lost. 

[EMBODIMENT 3] 
(EMBODIMENT 3-1) 

[0319] The liquid crystal display device of Embodi- 
ment 3-1 of the present invention will be described as 
follows based on Figs. 34 through 43. Fig. 34 is a partial 
plane view showing the structure of one pixel of the liq- 
uid crystal display device, Fig! 35 is a cross sectional 
view taken along the line indicated with arrows A- A of 
Fig. 34, and Figs. 36-43 show the fabrication processes 
of the liquid crystal display device. 
[0320] These figures are illustrated in a simplified form 
with modified scales. The size of each component may 
be magnified or reduced, and those units which might 
disturb the understanding of the structure are not illus- 
trated. 

[0321] First, the structure of the liquid crystal display 
device will be described based on Figs. 34 and 35. 
[0322] As shown in Figs. 34 and 35 TFT devices 2-4 
are formed on a substrate 1 made of borositicate glass. 
The TFT devices 2-4 comprise semiconductor layers 
2a-4a made of amorphous silicon, gate electrodes 2b- 
4b, source electrodes 2c-4c, and drain electrodes 2d- 
4d, respectively. The drain electrode 2d of the TFT 
device 2 is composed of a part of a first pixel electrode 
9 formed in the region corresponding to the pixels in the 
substrate 1 . 



[0323] The first pixel electrode 9 is made of aluminum 
and serves as a reflective film. A black matrix 5 is pro- 
vided around the first pixel electrode 9. The black matrix 
5, which is made of a resist containing black carbon par- 

s tides absorbs light incident upon the region other than 
the first pixel electrode 9 so as to increase the contrast 
ratio. The first pixel electrode 9 and the black matrix 5 
have a number of 7 urn x 7 jxm opening portions 5a and 
9a each arranged with a 30 jim pitch. The black matrix 

10 5 is further provided with opening portions 5b in the 
drain electrodes 3d and 4d of the TFT devices and in 
their vicinity (In Fig. 34 the region of the black matrix.5 
is illustrated with dots). 

[0324] At the positions of the opening portions 9a, 5a, 

75 and 5b of the first pixel electrode 9 and the black matrix 
5, supporting members 18 are arranged as spacers. 
The supporting members are made of a negative type 
resist hardened by the exposure via these opening por- 
tions 9a, 5a, and 5b and have a height of 4 fim and a 

20 cross section of 7 x 7 urn. A sealing plate 1 1 is pro- 
vided on the supporting members 18 while being sup- 
ported by the supporting members 1 8 so as to have a 
distance of 4 ^im from the substrate. A liquid crystal 
layer 21 is provided between the substrate 1 and the 

25 sealing plate 11 The liquid crystal layer 21 is so-called 
polymer diffusion type liquid crystal wherein guest host 
liquid crystal containing fluoric nematic liquid crystal 
and cyan dichroic dye dissolved therein is held in acrylic 
polymer network. Since the liquid crystal layer 21 is 

30 sealed with the sealing plate 1 1 , the amount of the net- 
work polymer in the liquid crystal layer 21 does not have 
to be larger than fixing the sealing plate 1 1 . Therefore, 
as compared with the liquid crystal display device 
shown in Fig. 79, the liquid crystal makes up a larger 

35 proportion of the liquid crystal layer, thereby making the 
substantial open area ratio larger, so that a high con- 
trast ratio can be obtained. The sealing plate 1 1 and the 
liquid crystal layer 21 are respectively provided with 
opening portions 11a and 21 a for cubic interconnection 

40 above the drain electrodes 3d and 4d of the TFT 
devices 3 and 4. 

[0325] The first pixel electrode 9, the liquid crystal 
layer 21, the supporting members 18, and the sealing 
plate 1 1 compose a first display layer 6, above which a 

45 second display layer 7 and a third display layer 8 are 
stacked. Similar to the first display layer 6, the second 
display layer 7 is composed of a second pixel electrode 
14, a liquid crystal layer 22, supporting members 19, 
and a sealing plate 12, and the third display layer 8 is 

so composed of a third pixel electrode 1 5, a liquid crystal 
layer 23, supporting members 20, and a sealing plate 
13. 

[0326] In the second display layer 7 the guest host liq- 
uid crystal for the liquid crystal layer 22 has a dichroic 
55 dye of magenta. The second pixel electrode 14 formed 
in the region corresponding to the pixels on the sealing 
plate 1 1 is composed of a transparent conductive film 
made of ITO in place of aluminum. The second pixel 
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electrode 14 is connected with the drain electrode 3d of 
the TFT device 3 via the opening portions 11a and 21a 
of the sealing plate 11 and the liquid crystal layer 21. 
Furthermore, the sealing plate 12 and the liquid crystal 
layer 22 are provided with opening portions 12a and 
22a for cubic interconnection only on the position above 
the drain electrode 4d of the TFT device 4. 
[03271 On the other hand, the third display layer 8 
comprises a yellow dichroic dye contained in the liquid 
crystal layer 23, and the third pixel electrode 15 is made 
of the same transparent conductive film as the second 
pixel electrode 14, and is connected with the drain elec- 
trode 4d of the TFT device 4 via the opening portions 
1 2a, 22a, 11a, and 21 a of the sealing plate 1 2, the liquid 
crystal layer 22, the sealing plate 1 1 , and the liquid crys- 
tal layer 21, respectively. The sealing plate 13 and the 
liquid crystal layer 23 have no opening portions. 
[0328] Similar to the supporting members 18 of the 
first display layer 6, the supporting members 19 and 20 
of the second display layer 7 and the third display layer 
8, respectively, are made of a negative type resist hard- 
ened by the exposure via the opening portions 9a, 5a, 
and 5b of the first pixel electrode 9 and the black matrix 
5. As a result, the supporting members 19 and 20 are 
arranged in the exact same position as the supporting 
members 18. In the guest host liquid crystal contained 
in the liquid crystal layers 21-23 of the display layers 6- 
8. the concentration of the dichroic dye of cyan, 
magenta, and yellow is controlled to make an appropri- 
ate color balance. 

[0329] A common electrode 16, which is made of a 
transparent conductive film and common to all the pixels 
is provided on the sealing plate 1 3 of the third display 
layer 8. Also, a protection film 17 made of a transparent 
resin is formed on the common electrode 16 so as to 
protect the liquid crystal display device from external 
pressure or the like. 

[0330] In the liquid crystal display device thus struc- 
tured, the voltages to be supplied to the first to third pixel 
electrodes 9, 14 and 15 are controlled via the TFT 
devices 2-4, so as to change the voltages between the 
first pixel electrode 9 and the second pixel electrode 14, 
between the second pixel electrode 14 and the third 
pixel electrode 15, and between the third pixel electrode 
15 and the common electrode 1 6, that is, the voltages to 
be supplied to the liquid crystal layers 21-23. According 
to the changes, the amount of light of each color 
absorbed in each of the display layers 6-8 also changes. 
The light (external light) incident from the protection film 
17 side penetrates the third, second, and first display 
layers 8, 7, and 6 in that order, and is reflected by the 
first pixel electrode 9. Then, while it goes back through 
the first, second, and third display layers 6, 7, and 8 in 
that order, each color light is absorbed in accordance 
with the supplied voltage, so as to conduct color display 
by the subtractive process. 

[0331 ] The following is a description on the size, pitch, 
and open area ratio of the supporting members 18-20 in 



the above-mentioned liquid crystal display device. 
[0332] The open area ratio of the liquid crystal display 
device is the product of the ratio of the area for the pix- 
els to the area for the display screen (the open area 

5 ratio of the pixels in the display screen) and the ratio of 
the area for the region excluding the supporting mem- 
bers 18-20 to the area for the pixels (the open" area ratio 
in the pixels). Since the open area ratio of the pixels in 
the display screen is determined by the area occupied 

w by the TFT devices 2-4, and their source and gate lines, 
to increase the entire open area ratio requires increas- 
ing the open area ratio in the pixels. In other words, as 
the pitch of each of the supporting members 18-20 
becomes larger and as the size of the supporting mem- 

75 bers 18-20 become smaller, the open area ratio can be 
larger and the contrast ratio can be higher. 
[0333] However, when the pitch of each of the sup- 
porting members 1 8-20 is 50 or larger, the sealing 
plate 11 bends down between adjacent supporting 

20 members 18 as shown in Fig. 82, making it difficult to 
keep the liquid crystal layer 21 at a fixed thickness. 
Therefore, in order to keep the liquid crystal layer 21 at 
a fixed thickness, it is preferable to form the supporting 
members 1 8 at a high density. For example, setting the 

25 pitch of the supporting members 18 at 30 jim enables 
the liquid crystal layer 21 to have a fixed thickness, so 
as to obtain a high open area ratio. 
[0334] In the case where the alignment precision of 
the supporting members 18-20 is low, the size of the 

30 supporting members 18-20 must be increased in order 
to prevent the inconvenience shown in Figs. 81(a)- 
81 (c). When the supporting members 1 8 have a square 
cross section of 10 urn x 10 fim, their area accounts for 
10% or more of the pixel area, so that the open area 

35 ratio in the pixels is reduced and the contrast ratio is 
decreased. In contrast, in the present embodiment the 
supporting members 1 8-20 of the display layers 6-8 are 
made of a negative type resist hardened by the expo- 
sure through the opening portions 9a, 5a, and 5b of the 

40 first pixel electrode 9 and the black matrix 5, so that the 
supporting members 18-20 are arranged in the exact 
same positions, not causing the above-mentioned 
inconvenience. This makes it possible to reduce the 
cross section of the supporting members 18-20 to a 

45 square of 7 \im x 7 fim or so, thereby obtaining a 95% or 
higher open area ratio in the pixels. Since the liquid 
crystal layers 21-23 contain polymer network, the sub- 
stantial open area ratio becomes slightly smaller than 
this. 

so [0335] The method for fabricating the above-men- 
tioned liquid crystal display device will be described as 
follows based on Figs. 36 through 43. 
[0336] The following fabrication processes are mainly 
conducted in a yellow room irradiated by light having a 

55 long wavelength which does not expose a photosensi- 
tive material such as a negative type resist in order to 
prevent unnecessary exposure. 
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(1) As shown in Fig. 36(a) the TFT devices 2-4 
made of amorphous silicon are formed onto the 
substrate 1 made of borosilicate glass. Then, an 
aluminum reflective film is formed by vacuum depo- 
sition and patterned into the form of pixel by photo- 5 
lithography and etching, so as to produce the first 
pixel electrode 9 which serves both as the reflective 
film and the drain electrode 2d of the TFT device 2. 

In the patterning, the opening portions 9a are also 
formed. to 

(2) As shown in Fig. 36(b) after a carbon-contained 
positive type resist is applied as thick as 1 jim, 
mask exposure and developing are conducted to 
the region for the first pixel electrode 9 and to the 
region for the opening portions 5a and 5b so as to 75 
form a black matrix 5 having the opening portions 

5a and 5b. 

Then, the supporting members 18 are formed 
by the following processes (3) -(5). 

(3) As shown in Fig. 37(c) after a negative-type 20 
resist 18' for forming the supporting members 18 is 
applied by a spin coat (for 30 seconds at the rate of 
600 rpm) onto the substrate 1 provided with the first 
pixel electrode 9 and the black matrix 5 thereon, a 
pre-baking is conducted (for 3 minutes at 80°C on a 25 
hot plate). 

(4) As shown in Fig. 37(d) an ultraviolet (UV) ray of 
100 mJ/cm 2 is irradiated from the substrate 1 side. 
As a result, with the first pixel electrode 9 and the 
black matrix 5 as a mask, the negative type resist 30 
18' on the opening portions 9a, 5a, and 5b is exclu- 
sively exposed. To be more specific, a back side 
exposure (self alignment) is conducted to exclu- 
sively expose the region where the supporting 
members 1 8 are formed, so as to harden the nega- 35 
tive type resist 1 8' as a result of polymerization. 

(5) The negative type resist 18' is developed with a 
developing solution and then baked (for 1 hour at 
1 20°C). As a result, the supporting members 1 8 are 
formed as high as 4 \xm in the regions for the open- 40 
ing portions 9a, 5a, and 5b as shown in Fig. 38(e). 

(6) As shown in Fig. 38(f) after a separate layer 26 
is formed on the surface, of the transfer member 27 
made of an ultraviolet-permeable glass having a 
fixed mask pattern 27a, the sealing plate 11 is 45 
formed (In Fig. 38(f) the surface having the sealing 
plate 1 1 is drawn downward). 

The mask pattern 27a is formed in positions 
corresponding to the drain electrodes 3d and 4d of 
the TFT devices 3 and 4 so as to shield the light To so 
be more specific, the formation of the separate 
layer 26 can be conducted by applying a 10wt% 
aqueous solution of polyvinyl alcohol (hereinafter 
referred to as PVA) by spin coat (for 30 seconds at 
the rate of 2000 rpm) and drying it for 2 minutes on 55 
a hot plate of 1 10°C. The sealing plate 1 1 is formed 
by applying a negative type resist onto the separate 
layer 26 by a spin coat (for 30 minutes at the rate of 



2000 rpm) and conducting a pre-baking. 

(7) As shown in Fig. 39(g) the transfer member 27 
is combined with the substrate 1 so as to bond the 
sealing plate 11 to the supporting materials 18. In 
the combination, mask alignment is so conducted 
that the mask pattern 27a of the transfer member 
27 corresponds to the drain electrodes 3d and 4d of 
the TFT devices 3 and 4, so as to form a 4 \xm gap 
between the substrate 1 and the sealing plate 1 1 . 

(8) A mixture solution 2V is prepared by mixing 
guest host liquid crystal and a polymer precursor in 
a ratio of 80wt%:20wt%. The guest host liquid crys- 
tal comprises fluoric nematic liquid crystal and a 
dichroic dye of cyan dissolved therein and the poly- 
mer precursor contains a 3wt% photopolymeriza- 
tion initiator. The mixture solution 21' is implanted 
into the gap between the substrate 1 and the seal- 
ing plate 11, and a UV ray of 500 mJ/cm 2 is irradi- 
ated from the transfer member 27 side as shown in 
Fig. 39(h). 

As a result of the irradiation of the UV ray, the 
negative type resist of the sealing plate 11 is polym- 
erized in the region except the drain electrodes 3d 
and 4d of the TFT devices 3 and 4 shielded by the 
mask pattern 27a of the transfer member 27, and 
the polymer precursor in the mixture solution 2V 
implanted into the gap is also polymerized, so as to 
form the liquid crystal layer 21, which is a polymer 
diffusion type liquid crystal where the guest host liq- 
uid crystal is diffused and retained in polymer net- 
work. The sealing plate 1 1 is fixed on the substrate 
1 by the polymer network composing the liquid 
crystal layer 21. 

(9) As shown in Fig. 40(i) when the substrate 1 is 
soaked in hot water, the separate layer 26 is dis- 
solved so as to separate the sealing plate 1 1 from 
the transfer member 27. As a result, the first display 
layer 6 comprising the liquid crystal layer 21 sealed 
between the substrate 1 and the transferred sealing 
plate 1 1 is formed. 

(10) By developing the sealing plate 11 with a 
developing solution of a negative type resist, the 
part of the sealing plate 1 1 corresponding to the 
region above the drain electrodes 3d and 4d of the 
TFT devices 3 and 4 which is not exposed due to 
the mask pattern 27a during the irradiation of the 
UV ray in the process (8) is eliminated so as to form 
the opening portions 11a as shown in Fig. 40(j). 
Furthermore, the part of the liquid crystal layer 21 
above the drain electrodes 3d and 4d of the TFT 
devices 3 and 4 is not exposed to the UV ray, so 
that the polymer precursor is prevented from being 
polymerized, which fails to form a polymer diffusion 
type liquid crystal. As a result, the part of the liquid 
crystal layer 21 is easily washed out with the devel- 
oping solution of the sealing plate 1 1 and the open- 
ing portions 21a are formed. 

(1 1) As shown in Fig. 41 (k) an ITO transparent con- 
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ductive film is formed by spattering onto the sealing 
plate 1 1 and patterned into the form of pixel by pho- 
tolithography and etching so as to form the second 
pixel electrode 14. The second pixel electrode 14 is 
connected with the drain electrode 3d of the TFT 5 
device 3 via the transparent conductive film formed 
in the opening portions 1 la of the sealing plate 1 1 
and on the side walls of the supporting members 
1 8, so that the voltage of the second pixel electrode 
14 is controlled by the TFT device 3. In order to w 
facilitate the formation of the transparent conduc- 
tive film onto the side walls of the supporting mem- 
bers 18, so-called heat drips may be slightly caused 
in the supporting members 1 8 by a post-baking so 
as to make the supporting members 18 tapered. 75 
(12) The second display layer 7 is formed basically 
in the same manner as the processes (3)-(1 1). To 
be more specific, after the supporting members 19 
are formed as shown in Fig. 42(1), the liquid crystal 
layer 22, the sealing plate 12, and the third pixel 20 
electrode 15 are formed as shown in Fig. 42(m). 
The formation process of the second display layer 7 
differs from that of the first display layer 6 only in the 
following aspects. The guest host liquid crystal con- 
tained in the liquid crystal layer 22 has a dichroic 25 
dye of magenta in place of cyan. Furthermore, the 
mask pattern of the transfer member to form the 
sealing plate 12 masks only the region above the 
drain electrode 4d of the TFT device 4 so as to form 
only the opening portions 12a and 22a in the sup- 30 
porting members 19 and the liquid crystal layer 22. 

The formation of the supporting members 1 9 is 
conducted by irradiating a UV ray from the sub- 
strate 1 side, using the first pixel electrode 9 and the 
black matrix 5 as a mask in the same manner as the 35 
process (4) of toning the supporting members 18 in 
the first display layer 6. The supporting members 
19 are arranged in the exact same position as the 
supporting members 18. Since no separate mask is 
used, mask alignment is unnecessary and the 40 
inconvenience shown in Fig. 81 is never caused. 

When the above-mentioned UV exposure is 
conducted, the UV ray is irradiated via the support- 
ing members 18. If the supporting members 18 
absorb too much UV ray, the negative type resist 45 
which form the supporting members 19 does not 
have enough irradiation to be fully polymerized. 
This causes some of the supporting members 19 to 
be shorter in height, which makes the liquid crystal 
layer 22 uneven in thickness, and as a result, the so 
color balance of the liquid crystal display device is 
lost. In such a case, the height of the supporting 
members 1 9 can be fixed by using a negative type 
resist having different UV-absorption (exposure) 
wavelength characteristics from the supporting 55 
members 1 8 as the negative type resist which com- 
poses the supporting members 19, and also using 
a UV ray having a wavelength which penetrates the 



supporting members 1 8 but is heavily absorbed in 
the negative type resist which composes the sup- 
porting members 19. It is also possible to use a 
negative type resist whose UV-absorption wave- 
length characteristics change before and after 
polymerization, and to irradiate a UV ray having a 
wavelength having a high permittivity of the sup- 
porting members 1 8 polymerized and having a low 
permittivity of the negative type resist which com- 
. poses the supporting members 19 not polymerized 
yet. 

(13) As shown in Figs. 43(n) and 43(o) the third dis- 
play layer 8 is formed by forming the supporting 
members 20, the liquid crystal layer 23, and the 
sealing plate 13. The common electrode 16 is 
formed onto the sealing plate 13. The guest host 
liquid crystal containing a dichroic dye of yellow is 
used for the liquid crystal layer 23. Without forming 
a mask pattern on the transfer member for the seal- 
ing plate 12, a UV ray is irradiated upon the entire 
surface of the sealing plate 1 3, and no opening por- 
tion is formed in the sealing plate 13 or the liquid 
crystal layer 23. 

In the third display layer 8. similar to the sup- 
porting members 19 of the second display layer 7, 
the supporting members 20 are arranged in the 
exact same position as the supporting members 18 
and 19 by the irradiation of a UV ray from the sub- 
strate 1 side with the first pixel electrode 9 and the 
black matrix 5 as a mask, tt is preferable to use a 
negative type resist having different UV absorption 
(exposure) wavelength characteristics from the 
supporting members 18 and 19 as the negative 
type resist which composes the supporting mem- 
bers 20, and to irradiate a UV ray whose wave- 
length has high permittivity of the supporting 
members 18 and 19. 

(14) The protection film 17 made of a transparent 
acrylic resin is formed onto the common electrode 
16 so as to obtain the liquid crystal display device 
shown in Figs 34 and 35. 

[0337] As mentioned before, the supporting members 
18-20 of the display layers 6-8 are formed by the rear 
surface exposure via the opening portions 9a, 5a, and 
5b of the first pixel electrode 9 and the black matrix 5. 
This prevents the supporting members 18-20 from 
being arranged in different positions which might lead to 
the breakage of the first display layer 6 and other com- 
ponents, so that the cross section of the supporting 
members 18-20 can be reduced to 7 jam x 7 \xm, and the 
contrast ratio can be increased with a larger open area 
ratio. In addition, no mask alignment is necessary 
because no mask is used. 

[0338] Although the supporting members 18-20 each 
have a square cross section and are arranged at regular 
intervals in these embodiments, the same effects can 
be obtained when the members have other shapes and 
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arrangement. It is also possible that instead of making 
all the supporting members 18 have the same shape of 
cross section, the supporting members 18 arranged in 
the region of the first pixel electrode 9 may have smaller 
cross section than those in the other region. 
[0339] Although the liquid crystal layers 21-23 are a 
so-called polymer diffusion type, liquid crystal contain- 
ing no polymer network can be used instead. This is 
because liquid crystal can be sealed with the sealing 
plates 11-13, so that it is not always necessary to use 
liquid crystal containing polymer network. In that case, 
the liquid crystal makes up a larger proportion of the dis- 
play layers 6-8, so that the contrast ratio is further 
increased. 

[0340] However, the sealing plates 11-13 have no pol- 
ymer network which serves to fix them on the substrate 
1 , so that it is necessary to use an adhesive agent or the 
like. 

[0341 ] For this, an adhesive agent can be applied onto 
either the sealing plates 1 1-13 or the supporting mem- 
bers 1 8-20 so as to combine them. To be more specific, 
a thermosetting epoxy resin is applied as the adhesive 
agent onto the top of each of the supporting members 
18-20, and the members 18-20 are combined with the 
sealing plates 11-13. Later, they are heated in an oven 
to harden the epoxy resin so as to be bonded. As the 
adhesive agent, a two-part reactive adhesive or other 
agents may be used. 

[0342] It is possible to make either the supporting 
members 1 8-20 or the sealing plates 11-13 from a plas- 
tic material, and to heat or press together so as to plas- 
ticize either the supporting members 18-20 or the 
sealing plates 11-13, thereby depositing one onto the 
other. For example, the sealing plates 11-13 composed 
of a thermoplastic resist are combined with the support- 
ing members 18-20 and heated in an oven while being 
pressed, so that the plasticized sealing plates 1 1-13 are 
deposited to the supporting members 18-20. 
[0343] In the above-mentioned embodiments each of 
the liquid crystal layers 21 -23 is formed every time each 
of the display layers 6-8 is formed; however, when liquid 
crystal containing no polymer network is used, the liquid 
crystal layers 21-23 may be formed in the correspond- 
ing gaps after the formation of the supporting members 
18-20 and the sealing plates 11-13. The liquid crystal 
layers can be formed in the same manner even when 
liquid crystal contains polymer network; however, in 
order to facilitate the formation of the polymer network, 
it is preferable to use polymer precursors having differ- 
ent photosensitive wavelength characteristics as 
described about the supporting members 18-20. 
[0344] In place of forming the sealing plates 11-13 
onto the transfer member 27 before transferring them, it 
is possible to apply a material having sublimation like 
camphor as high as the supporting members 18-20 
after the formation of the supporting members 18-20 so 
as to form the sealing plates 11-13 thereon. The appli- 
cation of camphor enables the sealing plates 11-13 in 



the form of thin film to be easily formed thereonto. Also, 
camphor with sublimation can be removed by being 
sublimated after the formation of the sealing plates 11- 
13, so that gaps can be easily formed between the sub- 

5 strate 1 and the sealing plate 1 1 and between the seal- 
ing plates 11-13. It is possible to replace the material 
having sublimation by a material vaporized by the irradi- 
ation of a UV ray or heating such as a positive type 
resist made by adding a 1wt% triphenyl sulphonium 

? o hexafluoroantimony (Ph3 S+- SbF6) which is onium salt 
to polyphtalaldehyde (PPA) and dissolving them in 
cyclohexanone. 
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(EMBODIMENT 3-2) 



[0345] The liquid crystal display device of Embodi- 
ment 3-2 will be described as follows based on Figs. 44- 
50. 

[0346] Fig. 44 is a partial plane view showing the 
20 structure of one pixel in the liquid crystal display device, 
Fig. 45 is a cross sectional view taken along the line 
indicated with arrows B-B of Fig. 44, and Figs. 46-50 are 
illustrations showing the fabrication processes of the liq- 
uid crystal display device. 
25 [0347] In the present embodiment, components hav- 
ing the same structure as those of Embodiment 3-1 are 
referred to with the same reference numbers and their 
description will be omitted. 

[0348] The liquid crystal display device of the present 

30 embodiment resembles to that of Embodiment 3-1 in 
that a first pixel electrode provided with opening por- 
tions is formed, and the supporting members are 
formed by the irradiation of a UV ray via the opening 
portions. The liquid crystal display devices are different 

35 in the following aspects. In Embodiment 3-1, the liquid 
crystai layers 21-23 are formed by forming the support- 
ing members 18-20 onto the substrate 1 by the irradia- 
tion of a UV ray before bonding the sealing plates 11-13 
to the supporting members 18-20. In the present 

40 embodiment, on the other hand, the mixture solutions 
41-43' containing the liquid crystal and the polymer pre- 
cursor are sealed after the sealing plates 11-13 are 
applied. Then, a UV ray is irradiated upon the mixture 
solutions 41 '-43' so as to precipitate and harden the pol- 

45 ymer precursor (photopolymerizable polymer) in the 
mixture solution 4V-43' for the formation of supporting 
members 31-33 and liquid crystal layers 41-43. Unlike 
the liquid crystal layers 21-23 in Embodiment 3-1, the 
liquid crystal layers 41-43 are composed of guest host 

so liquid crystal containing no polymer network 

[0349] The structure of the liquid crystal display device 
will be described as follows based on Figs. 44 and 45. 
[0350] In the region of the opening portions 9a and 5a 
of the first pixel electrode 9 and the black matrix 5 of the 

55 liquid crystal display device, 4 ^m-high supporting 
members 31-33 are formed as a result of the polymer 
precursor mixed with the liquid crystal being polymer- 
ized and hardened, instead of the supporting members 
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18-20 of Embodiment 3-1 . On the TFT devices 3 and 4 
and the black matrix 5 close to them, cubic interconnec- 
tion pads 28-30 made of the same negative type resist 
as the supporting members 18-20 of Embodiment 3-1 
are formed as 4 gm-high supplementary supporting 5 
members (the outline of the cubic interconnection pad 
28 is drawn in bold lines in Fig. 44). 
[0351] The cubic interconnection pad 28 in the first 
display layer 6 is provided with opening portions 28a for 
cubic interconnection above the drain electrodes 3d and io 
4d of the TFT devices 3 and 4. The cubic interconnec- 
tion pad 29 in the second display layer 7 is provided with 
opening portions 29a for cubic interconnection only 
above the drain electrodes 4d of the TFT device 4. The 
cubic interconnection pad 30 in the third display layer 8 15 
is provided with no opening portion. 
[0352] Guest host liquid crystals each containing a 
dichroic dye of cyan, magenta, and yellow are sealed 
between the substrate 1 and the sealing plate 1 1 and 
between each of the sealing plates 11-13, thereby form- 20 
ing the liquid crystal layers 41-43. This structure makes 
the ratio of the liquid crystal to each of the display layers 
6-8 larger than in the case where the polymer diffusion 
type liquid crystal layers 21-23 are used as in Embodi- 
ment 3-1, so that a higher contrast ratio can be 25 
obtained. 

[0353] The method for fabricating the above-men- 
tioned liquid crystal display device will be described as 
follows based on Figs. 46-50. 

30 

(1) In the same manner as the process (1) of 
Embodiment 3-1 , the TFT devices 2-4 and the first 
pixel electrode 9 having the opening portions 9a are 
formed onto the substrate 1 made of borosilicate 
glass as shown in Fig. 46(a). 35 

(2) In the same manner as the process (2) of 
Embodiment 3-1, the black matrix 5 provided with 
the opening portions 5a and 5b are formed as 
shown in Fig. 46(b). 

Then, the cubic interconnection pad 28 is 40 
formed onto the black matrix 5 by the following 
processes (3) and (4). 

(3) As shown in Fig, 47(c) the negative type resist 
28' for forming the cubic interconnection pad 28 is 
applied by a spin coat (for 30 seconds at the rate of 45 
600 rpm) onto the substrate 1 provided with the first 
pixel electrode 9 and the black matrix 5 thereon, 
and the substrate 1 is pre-baked (for 3 minutes at 
80°C on a hot plate). After this, a mask substrate 25 
with a mask pattern 25a is covered and a UV ray is so 
irradiated for exposure. The mask pattern 25a 
shields the regions of the opening portions 28a and 

the regions where the cubic interconnection pad 28 
is not formed. 

(4) The negative type resist 28' thus exposed is 55 
developed with a developing solution and baked in 

an oven (for 1 hour at 150°C) so as to form the 
cubic interconnection pad 28 onto the TFT devices 



3 and 4 as shown in Fig. 47(d). The cubic intercon- 
nection pad 28 is formed to have a height of 4 urn 
and a surface of 20 urn x 30 urn. Furthermore, 
opening portions 28a of 10 x 10 \im are formed 
above the drain electrodes 3d and 4d of the TFT 
devices 3 and 4. 

(5) In the same manner as the process (6) of 
Embodiment 3-1, the separate layer 26 and the 
sealing plate 1 1 are formed on the surface of the 
transfer member 27 provided with a mask pattern 
27a which masks the positions corresponding to 
the drain electrodes 3d and 4d of the TFT devices 3 
and 4 as shown in Fig. 48(e). 

(6) As shown in Fig. 48(f), the transfer member 27 
and the substrate 1 are positioned in such a man- 
ner that the mask alignment of the mask pattern 
27a of the transfer member 27 correspond to the 
drain electrodes 3d and 4d of the TFT devices 3 
and 4, and the sealing plate 1 1 is bonded to the 
cubic interconnection pad 28. As a result, a 4 jum 
gap is formed between the substrate 1 and the 
sealing plate 11. The mixture solution 41 ' is pre- 
pared by mixing guest host liquid crystal and a pol- 
ymer precursor in a ratio of 95:5 in weight so as to 
fill the gap therewith. The guest host liquid crystal 
contains a dichroic dye of cyan. 

(7) As shown in Fig. 49(g) a UV ray of 500 mJ/cm 2 
is irradiated from the substrate 1 side. As a result, 
the mixture solution 41 ' applied on the opening por- 
tions 9a and 5a are exclusively exposed with the 
first pixel electrode 9 and the black matrix 5 as a 
mask. In other words, a rear surface exposure (self 
alignment) for exclusively exposing the region 
where the supporting members 31 are formed is 
conducted. As a result of the irradiation of the UV 
ray, the polymer precursor in the mixture solution 
41' sealed into between the substrate 1 and the 
sealing plate 1 1 starts to polymerize and decreases 
its concentration. Then, the polymer precursor is 
condensed by the diffusion due to the unevenness 
of the concentration, and hardened as a polymer 
above the openings 9a and 5a so as to form the 
supporting members 31. At the same time, the 
guest host liquid crystal left after the polymer pre- 
cursor is used for the formation of the supporting 
members 31 is exclusively sealed into between the 
substrate 1 and the sealing plate 1 1 , so as to form 
the liquid crystal layer 41 . 

When the ratio of the area for the supporting 
members 31 to the area of the region filled with the 
mixture solution 41' is 5%, the polymer precursor in 
the mixture solution 41 ' is all used to form the sup- 
porting members 31 by setting the ratio of the guest 
host liquid crystal to the mixture solution 4V at 95%, 
so that only the guest host liquid crystal is sealed 
into between the substrate 1 and the sealing plate 
11. 

(8) After irradiating a UV ray of 100 mJ/cm 2 from the 
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transfer member 27 side, the substrate 1 is soaked 
in hot water to separate the sealing plate 11 from 
the transfer member 27 in the same manner as the 
process (9) of Embodiment 3-1 , and then the seal- 
ing plate 11 is developed with the developing solu- 
tion of a negative type resist. Consequently, as 
shown in Fig. 49(h) while the UV ray is being irradi- 
ated, the region above the drain electrodes 3d and 
4d which are not exposed because of the mask pat- 
tern 27a of the transfer member 27 are eliminated 
so as to form the opening portions 11a for cubic 
interconnection. 

(9) In the same manner as the process (11) of 
Embodiment 3-1, an ITO transparent conductive 
film is formed by spattering onto the sealing plate 
11 as shown in Fig. 50(i), and patterned into the 
form of pixel by photolithography and etching so as 
to form the second pixel electrode 14. The second 
pixel electrode 14 is connected to the drain elec- 
trode 3d of the TFT device 3 via the transparent 
conductive film formed on the side walls of the 
opening portions 11a and 28a of the sealing plate 
1 1 and the cubic interconnection pad 28, so that the 
voltage of the second pixel electrode 14 is control- 
led by the TFT device 3. 

(10) The processes (3) -(9) are conducted twice so 
as to form the second display layer 7 comprising the 
second pixel electrode 14, the cubic interconnec- 
tion pad 29, the supporting members 32, the liquid 
crystal layer 42, and the sealing plate 12, and the 
third display layer 8 comprising the third pixel elec- 
trode 1 5, the cubic interconnection pad 30, the sup- 
porting members 33, the liquid crystal layer 43, and 
the sealing plate 13. Furthermore, the common 
electrode 16 is formed on the sealing plate 13, and 
the protection film 17 made of a transparent acrylic 
resin is formed on the common electrode 16. As a 
result, the liquid crystal display device shown in 
Figs. 44 and 45 is obtained. The liquid crystal layers 
42 and 43 are composed of a guest host liquid crys- 
tal containing a dichroic dye of magenta and yellow, 
respectively. The sealing plate 12 and the cubic 
interconnection pad 29 are provided with the open- 
ing portions 12a and 29a exclusively above the 
drain electrode 4d of the TFT device 4, and the 
sealing plate 1 3 and the cubic interconnection pad 
30 are provided with no opening portions. 

[0354] As described hereinbefore, similar to Embodi- 
ment 3-1, by the rear surface exposure via the opening 
portions 5a and 9a of the first pixel electrode 9 and the 
black matrix 5. the supporting members 31-33 of the 
display layers 6-8 can have a cross section as small as 
7 jim x 7 urn. thereby increasing the open area ratio. 
[0355] While the weight ratio of the liquid crystal con- 
tained in the polymer diffusion type liquid crystal layers 
21 -23 is 80% in Embodiment 3-1 , the polymer precursor 
in the mixture solution 4V composed of the guest host 



liquid crystal and the polymer precursor is consumed for 
the formation of the supporting members 31-33 and 
only the guest host liquid crystal is sealed into between 
the substrate 1 and the sealing plate 1 1 and between 
5 the sealing plates 11-13. As a result, the contrast ratio 
can be further increased. 

[0356] The formation of the supporting members 31 - 
33 requires no mask alignment unlike the case where a 
mask is used, whereas the formation of the cubic inter- 
To connection pads 28-30 needs the alignment of the mask 
substrate 25. However, the alignment does not need to 
be very precise because these cubic interconnection 
pads 28-30 which are as large as 20 fim x 30 urn in the 
pixel surface do not suffer from the inconvenience 
75 shown in Fig. 8 by a minor positional deviation. 

[0357] In the same manner as described in Embodi- 
ment 3-1 , in the present embodiment, polymerization of 
the polymer precursors may be stimulated by using pho- 
topolymerization initiators which have different UV 
20 absorption (exposure) wavelength characteristics in the 
polymer precursors for forming the supporting members 
31-33. 

[0358] Instead of transferring the sealing plates 11-13 
formed onto the transfer member 27, the sealing plates 

25 may be formed by applying a solid or highly viscous mix- 
ture solution containing guest host liquid crystal and a 
polymer precursor onto the substrate and polymerizing 
only the surface and its vicinity of the mixture solution as 
follows. The surface of the substrate is made to be in 

30 contact with a material which accelerates the polymeri- 
zation of the polymer precursor contained in the mixture 
solution or to be exposed to a UV ray. The material can 
be a mixture solvent of pure water and isopropyl alcohol 
in a volume ratio of 10:1 where a 5wt% amine-base acti- 

35 vating agent of an acrylic resin is dissolved. 

(EMBODIMENT 3-3) 

[0359] The liquid crystal display device of the present 
40 embodiment will be described as follows based on Figs. 
51 through 57. 

[0360] Fig. 51 is a partial sectional view showing the 
structure of one pixel in the liquid crystal display device. 
[0361] Figs. 52 through 57 are illustrations showing 
45 the fabrication processes of the liquid crystal display 
device. 

[0362] In the present embodiment, components hav- 
ing the same structure as those of Embodiments 3-1 
and 3-2 are referred to with the same reference num- 

so bers and their description will be omitted. 

[0363] The liquid crystal display device of the present 
embodiment comprises the supporting members 18-20 
formed by polymerizing and hardening a negative type 
resist as in Embodiment 3-1, and the supporting mem- 

55 bers 31-33 formed by polymerizing and hardening the 
polymer precursor mixed with liquid crystal in the same 
manner as in Embodiment 3-2. As shown in Fig. 51, the 
supporting members 18 alternate with the supporting 



42 



<EP 0990942A1 .I > 



83 EP 0 990 

members 31 , the supporting members 19 alternate with 
the supporting members 32, and the supporting mem- 
bers 20 alternate with the supporting members 33. It is 
the same feature as in Embodiments 3-1 and 3-2 that 
the supporting members 18-20 and 31-33 are formed 5 
by the exposure of a UV ray via the opening portions 9a, 
5a, and 5b of the first pixel electrode 9 and the black 
matrix 5. The liquid crystal layers 41 -43 are exclusively 
composed of the guest host liquid crystal left uncon- 
sumed after the polymer precursor is used for the for- 10 
mation of the supporting members 31-33. The structure 
of the liquid crystal display device of the present embod- 
iment is equal to that of Embodiment 3-1 except the 
supporting members 31-33 and the liquid crystal layers 
41-43. 75 
[0364] The method for fabricating the liquid crystal dis- 
play device will be described as follows based on Figs. 
52 through 57. 

(1) As shown in Fig. 52(a) the TFT devices 2-4 and 20 
the first pixel electrode 9 provided with the opening 
portions 9a are formed onto the substrate 1 made 

of borosilicate glass in the same manner as the 
process (1) of Embodiment 3-1 . 

(2) As shown in Fig. 52(b) the black matrix 5 pro- 25 
vided with the opening portions 5a and 5b is formed 

in the same manner as the process (2) of Embodi- 
ment 3-1. 

Through the following processes (3)-(5), the 
supporting members 1 8 half as many as those of 30 
Embodiment 3-1 are formed. 

(3) As shown in Fig. 53(c) the negative type resist 
18' for forming the supporting members 18 is 
applied onto the substrate 1 and pre-baked in the 
same manner as the process (3) in Embodiment 3- 35 
1. 

(4) As shown in Fig. 53(d) a mask substrate 34 pro- 
vided with a mask pattern 34a which shields the 
opening portions 9a" and 5a" of the opening por- 
tions 9a and 5a in the first pixel electrode 9 and the 40 
black matrix 5 is arranged outside the substrate 1 . 
and a UV ray is irradiated from the substrate 1 side 

so as to polymerize and harden the negative type 
resist 18' in the region for the opening portions 9a', 
5a\ and 5b. 45 

(5) The negative type resist 1 8' is developed with a 
developing solution and baked in the same manner 
as the process (5) of Embodiment 3-1 , so as to form 
the supporting members 18 on the opening por- 
tions 9a', 5a', and 5b as shown in Fig. 54(e). so 

(6) As shown in Fig. 54(f) the separate layer 26 and 
the sealing plate 11 are formed on the surface of 
the transfer member 27 provided with the mask pat- 
tern 27a for mask alignment corresponding to the 
drain electrodes 3d and 4d of the TFT devices 3 55 
and 4 in the same manner as the process (6) of 
Embodiment 3-1. 

(7) As shown in Fig. 55(g) the transfer member 27 
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and the substrate 1 are combined in such a manner 
that the sealing plate 1 1 is bonded to the supporting 
members 18, and the mixture solution 41 ' com- 
posed of a polymer precursor and guest host liquid 
crystal containing a dichroic dye of cyan is 
implanted in a gap between the substrate 1 and the 
sealing plate 1 1 in the same manner as the process 
(6) of Embodiment 3-2. 

(8) As shown in Fig. 55(h) a U V ray of 500 mJ/cm 2 
is irradiated from the substrate 1 side, and the poly- 
mer precursor contained in the mixture solution 4V 
is polymerized in the opening portions 9a" and 5a" 
where the supporting members 18 are not formed 
in the processes (4) and(5). As a result, the sup- 
porting members 31 and the liquid crystal layer 41 
are formed. 

The ratio of the polymer precursor to the 
remaining components in the mixture solution 41' is 
made equal to the ratio of the area for the support- 
ing members 31 to the area of the region where the 
mixture solution 4V (except for the region where the 
supporting members 18 of the negative type resist 
are previously formed) is sealed into. This makes all 
the polymer precursor be used for the formation of 
the supporting members 31 so that only the guest 
host liquid crystal is sealed into between the sub- 
strate 1 and the sealing plate 11. As a result, the 
substantial open area ratio can be increased in the 
same manner as in Embodiment 3-2. 

(9) As shown in Fig. 56(i) after a UV ray is irradiated 
from the transfer member 27 side, the substrate 1 is 
soaked in hot water in order to separate the sealing 
plate 1 1 from the transfer substrate 27. After this, 
the sealing plate 1 1 is developed with a developing 
solution of a negative type resist, and the opening 
portions 11a for cubic interconnection are formed 
as shown in Fig. 57(j) in the same manner as the 
process (8) of Embodiment 3-2. 

(10) As shown in Fig. 57(k), an ITO transparent 
conductive film is formed by spattering onto the 
sealing plate 1 1 and patterned into the form of pixel 
by photolithography and etching so as to form the 
second pixel electrode 14 in the same manner as 
the process (1 1) of Embodiment 3-1 . 

(11) The processes of (3)-(l0) are conducted twice 
so as to form the second display layer 7 comprising 
the second pixel electrode 14, the supporting mem- 
bers 19 and 32, the liquid crystal layer 42, and the 
sealing plate 12, and the third display layer 8 com- 
prising the third pixel electrode 1 5, the supporting 
members 20 and 33, the liquid crystal layer 43, and 
the sealing plate 13. Furthermore, the common 
electrode 16 is formed on the sealing plate 13, and 
the protection film 17 made of a transparent acrylic 
resin is formed on the common electrode 16. As a 
result, the liquid crystal display device shown in Fig. 
51 is obtained. 
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[0365] As described hereinbefore, the gap between 
the substrate 1 and the sealing plate 11 and the gaps 
between each of the sealing plates 11-13 are kept at a 
fixed thickness by the supporting members 18-20 so 
that the display colors of the liquid crystal display device 
are well balanced in the same manner as in Embodi- 
ment 3-1. Furthermore, the substantial open area ratio 
is increased so as to further increase the contrast ratio 
in the same manner as Embodiment 3-2. 
[0366] The alternate arrangement of the supporting 
members 18-20 made of the negative type resist and 
the supporting members 31-33 made of a polymer can 
make each of the gaps between the substrate 1 and the 
sealing plate 11 and between the sealing plates 11-13 
have a fixed thickness and the polymer precursor be 
condensed more efficiently; however, the ratio in their 
numbers and the arrangement are not limited to these. 

(EMBODIMENT 3-4) 

[0367] The liquid crystal display device of the present 
embodiment will be described as follows based on Figs. 
58 through 64. Fig. 58 is a partial plane view showing 
the structure of one pixel in the liquid crystal display 
device, Fig. 59 is a cross sectional view taken along the 
line indicated with arrows C-C of Fig. 58, and Figs. 60- 
64 are illustrations showing the fabrication processes of 
the liquid crystal display device. 
[0368] In the present embodiment, components hav- 
ing the same structure as those in Embodiments 3-1 , 3- 
2, and 3-3 are referred to with the same reference num- 
bers and their description will be omitted. 
[0369] The liquid crystal display device of the present 
embodiment differs from those in Embodiments 3-1, 3- 
2, and 3-3 mainly in that the supporting members 61-63 
are formed by polymerizing and hardening a positive 
type resist instead of a negative type resist. Therefore, 
the substrate 1 is provided with a light shielding film 35 
in the positions where the supporting members 61-63 
are formed. Instead of the TFT devices 2-4, the TFT 
devices 82-84 having drain electrodes 82d-84d made of 
a transparent conductive film are provided. 
[0370] The structure of the-liquid crystal display device 
will be described as follows based on Figs. 58 and 59. 
[0371] The first pixel electrode 36 and the drain elec- 
trodes 82d-84d of the TFT devices 82-84 are ITO trans- 
parent conductive films. The other electrodes including 
the gate electrode 82b in the TFT devices 82-84 are 
equal to those of the TFT device 2-4. The light shielding 
film 35 is provided in the positions corresponding to the 
opening portions 9a and 5a of the first pixel electrode 9 
and the black matrix 5 of Embodiment 3-1 in the first 
pixel electrode 36 and its vicinity and on the TFT 
devices 83 and 84 and their vicinities. The light shield- 
ing film 35 has opening portions 35b in the regions of 
the drain electrodes 83d and 84d of the TFT devices 83 
and 84 (In Fig. 58 the regions where the light shielding 
film 35 is formed are shown with dots). 



[0372] The light shielding film 35 is made of a black 
resist containing carbon particles, which is the same 
material as the black matrix 5 used in Embodiment 3-1 . 
Instead, the film 35 may be a metallic thin film made of 
5 aluminum or the like by conducting photolithography 
and etching. 

[0373] The light shielding film 35 is provided with sup- 
porting members 61-63 made by hardening a positive 
type resist and the cubic interconnection pads 71-73 

io thereon. The cubic interconnection pad 71 is provided 
with opening portions 71a for cubic interconnection 
above the drain electrodes 83d and 84d of the TFT 
devices 83 and 84. The cubic interconnection pad 72 is 
provided with opening portions 72a only above the drain 

15 electrode 84d of the TFT device 84. 

[0374] In place of the common electrode 16 made of 
- a transparent conductive film used in Embodiments 3-1 , 
3-2, and 3-3, a common electrode 39 made of a reflec- 
tive film is provided on the sealing plate 13 of the third 

20 display layer 8. Furthermore, a protection film 17 the 
same as those of Embodiments 3-1, 3-2, and 3-3 is 
formed on the common electrode 39. The protection film 
1 7 does not have to be transparent. 
[0375] In the liquid crystal display device thus struc- 

25 tured, the light (external light) incident from the sub- 
strate 1 side penetrates the substrate 1 . the first-third 
display layers 6. 7, and 8 in that order, is reflected by the 
common electrode 39, and goes back through the third- 
first display layers 8, 7, and 6, and the substrate 1 in that 

30 order, so as to conduct display. The display screen is 
seen from the substrate 1 side. 

[0376] The method for fabricating the liquid crystal dis- 
play device will be described as follows based on Figs. 
60-63. 

35 

(1) As shown in Fig. 60(a) after the region other 
than the drain electrodes 82d-84d of the TFT 
devices 82-84 are formed onto the substrate 1, an 
ITO transparent conductive film is formed by spat- 

40 tering and patterned by photolithography and etch- 
ing so as to form the first pixel electrode 36 and the 
drain electrodes 83d and 84d. The first pixel elec- 
trode 36 differs from that used in Embodiment 3-1 
in that it is a transparent conductive film and have 

45 no opening portions, and is equal in that it also 
serves as the drain electrode 82d of the TFT device 
82. 

(2) A black resist containing carbon particles is 
applied as thick as 0.5 fim onto the substrate 1 , and 

50 then mask exposure and development are con- 
ducted in a manner that the resist is left only on the 
spots where the supporting members 61-63 and 
the cubic interconnection pads 71 -73 are provided 
in a later process. As a result, the light shielding film 

55 35 is formed as shown in Fig. 60(b). 

Through the following processes (3)-(5), the 
supporting members 61 and the cubic interconnec- 
tion pad 71 are formed. 
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(3) As shown in Fig. 61(c), the positive type resist 
6V for forming the supporting members 61 and the 
cubic interconnection pad 71 is applied by a spin 
coat (for 30 seconds at the rate of 600 rpm) onto the 
substrate 1 provided with the first pixel electrode 36 5 
and the light shielding film 35 thereon. After that, 
the substrate 1 is pre-baked (for 3 minutes at 80°C 

on a hot plate). 

(4) As shown in Fig. 61(d) a UV ray of 100 mJ/cm 2 

is irradiated from the substrate 1 side. Thus, the 10 
positive type resist 61 ' on the region where the light 
shielding film 35 is not formed is exclusively 
exposed with the light shielding film 35 as a mask. 

(5) After being developed with a developing solu- 
tion, the positive type resist 61 ' is baked (for 1 hour 75 
at 120°C), so as to form the supporting members 

61 and the cubic interconnection pad 71 onto the 
light shielding film 35 as shown in Fig. 62(e). Since 
the drain electrodes 83d and 84d of the TFT 
devices 83 and 84 are transparent conductive films, 20 
the opening portions 71a are formed above the 
drain electrodes 83d and 84d in the cubic intercon- 
nection pad 71. The cubic interconnection pad 71, 
which has the same shape as the cubic intercon- 
nection pad 28 used in Embodiment 3-2 is formed 25 
in the same process as the supporting members 61 
by rear surface exposure. 

The first display layer 6 is formed in the same 
manner as in Embodiment 3-1 as follows. 

(6) As shown in Fig. 62(f) the separate layer 26 and 30 
the sealing plate 11 are formed on the surface of 

the transfer member 27 in the same manner as the 
process (6) of Embodiment 3-1. 

(7) As shown in Fig. 63(g) the transfer member 27 
and the substrate 1 are combined in the same man- 35 
ner as the process (7) of Embodiment 3-1 . 

(8) As shown in Fig. 63(h) the mixture solution 2V 
composed of the guest host liquid crystal and the 
polymer precursor is implanted into the gap 
between the substrate 1 and the sealing plate 11, 40 
and a UV ray of 500 mJ/cm 2 is irradiated from the 
transfer member 27 side. As a result, the liquid 
crystal layer 21 of a polymer diffusion type liquid 
crystal is formed in the same manner as the proc- 
ess (8) of Embodiment 3-1 . 45 

(9) After the substrate 1 is soaked in hot water in 
order to separate= the sealing plate 11 from the 
transfer member 27, the sealing plate 1 1 is devel- 
oped with a developing solution of a negative type 
resist so as to form the opening portions 11a as so 
shown in Fig. 64(i) in the same manner as the proc- 
ess (9) of Embodiment 3-1 . 

(10) As shown in Fig. 64(j) the ITO transparent con- 
ductive film is formed by spattering onto the sealing 
plate 1 1 and patterned into the form of pixel by pho- 55 
tolithography and etching so as to form the second 
pixel electrode 14 in the same manner as the proc- 
ess (1 1) of Embodiment 3-1 . 



(11) The processes of (3)-(l0) are conducted twice 
so as to form the second display layer 7 comprising 
the second pixel electrode 14, the cubic intercon- 
nection pad 72, the supporting members 62, the liq- 
uid crystal layer 22, and the sealing plate 12, and 
the third display layer 8 comprising the third pixel 
electrode 15, the cubic interconnection pad 73, the 
supporting members 63, the liquid crystal layer 23, 
and the sealing plate 13. Furthermore, the common 
electrode 36 which also serves as a reflective film is 
formed on the sealing plate 13 of the third display 
layer 8 by depositing aluminum as thick as 2000 A. 
Also, the protection film 17 for protecting the liquid 
crystal display device from external pressure and 
the like is formed onto the common electrode 39, so 
as to obtain the liquid crystal display device shown 
in Figs. 58 and 59. 

[0377] As a result of the supporting members 61 -63 of 
the first display layers 6-8 being formed by the rear sur- 
face exposure with the light shielding film 35 using a 
positive type resist as described above, no positional 
deviation is caused among the supporting members 61 - 
63 which might damage the first display layer 6 and the 
other components. Consequently, mask alignment 
becomes unnecessary and the size of the supporting 
members 61 -63 is reduced so as to increase the open 
area ratio, thereby increasing the contrast ratio. 
[0378] Although the liquid crystal display device in the 
present embodiment is reflective type, a permeable 
type liquid crystal display device can be constructed by 
making the common electrode 39 of a transparent con- 
ductive film. 

[0379] Although the liquid crystal display device com- 
prises polymer diffusion type liquid crystal layers 21-23, 
liquid crystal containing no polymer network may be 
used as explained in Embodiment 3-1 . 
[0380] The method of forming the sealing plates 11-13 
onto the transfer member 27 and transferring them can 
be replaced by the following method. After the support- 
ing members 18-20 are formed, the sealing plates 11- 
13 may be formed on a material which is applied as 
thick as the supporting members 1 8-20 by being vapor- 
ized by the irradiation of a UV ray or heating such as a 
positive type resist made by adding a 1wt% triphenyl 
sulphonium hexaf luoroantimony (Ph3 S+- SbF6) which 
is onium salt to polyphtalaldehyde (PPA) and dissolving 
them in cyclohexanone. Since the material enables the 
sealing plates 11-13 in the form of thin film to be easily 
toned thereon and can be vaporized by the irradiation of 
a UV ray or heating, the material can be removed by 
evaporation after the sealing plates 11-13 are formed, 
which facilitates the formation of the gap between the 
substrate 1 and the sealing plate 1 1 . 
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[FOURTH EMBODIMENT] 
(EMBODIMENT 4-1) 

[0381] The present embodiment will be described as 
follows based on Figs. 65 through 74. In order to sim- 
plify the description, components unrelated to the 
description are omitted and some components are 
drawn in magnified or reduced sizes. 
[0382] Fig. 65 is a cross sectional view showing the 
rough structure of the liquid crystal display device of the 
present embodiment. 

[0383] As shown in Fig. 65 the liquid crystal display 
device comprises an array substrate 301, a display unit 
303, and anisotropic conductive adhesive materials 
(first to third connection means) 302a-302c which elec- 
trically connect the array substrate 301 and the display 
unit 303. 

[0384] The array substrate 301 comprises a glass 
substrate 31 1 , TFT devices (first to third nonlinear ele- 
ments) 312-314, and driving electrodes (first to third 
driving electrodes) 315-317. 

[0385] As shown in Fig. 66 the TFT devices 312-314 
are electrically connected with the driving electrodes 
315-317, respectively, which are connected with the 
drain side terminals of the TFT devices 312-314, 
respectively. The pitch Q of the TFT devices 312-314 in 
X direction is about 100 jim when the pixel pitch P = 300 
urn, and the pitch R in Y direction is about 300 pm The 
driving electrodes 315-317, which have a maximum 
width S of 80 jim and a length T of 250 \xm are made of 
ITO and arranged in one pixel in the form of stripe like 
the stripe arrangement of an RGB pixel in a color filter. 
[0386] As shown in Fig. 67 the display unit 303 com- 
prises a substrate 321, a polymer resin layer 322, and 
the f irst-third display layers 323-325 having three liquid 
crystal layers filled with guest host liquid crystals of dif- 
ferent colors arranged between the substrate 321 and 
the polymer resin layer 322. 

[0387] The substrate 321 is made of glass and pro- 
vided with a common electrode 329 thereon. The sub- 
strate 321 can be made of a polymer resin such as 
plastic instead of glass. The common electrode 329 is 
an ITO electrode and connected with a ground of the 
array substrate 301 with a conductive paste (not shown) 
made of a resin containing carbon power applied in the 
vicinity of the display region. 

[0388] The first display layer 323 comprises a first liq- 
uid crystal layer 326, a first pixel electrode 330, a first 
sealing plate 333, and spacers (first supporting mem- 
bers) 341a. To be more specific, spacers 341a are 
arranged at regular intervals on the common electrode 
329 and a first sealing plate 333 is provided on the 
spacers 341a. Furthermore, a first pixel electrode 330 
patterned in a fixed form is provided on the first sealing 
plate 333. 

[0389] As shown in Fig. 67 a second display layer 324 
and a third display layer 325 which have almost the 



same structure as the first display layer 323 are formed 
in that order onto the first display layer 323. To be more 
specific, the second display layer 324 comprises a sec- 
ond liquid crystal layer 327, a second pixel electrode 

5 331, a second sealing plate 334, and spacers (second 
supporting members) 341b, whereas the third display 
layer 325 comprises a third liquid crystal layer 328, a 
third pixel electrode 332, a third sealing plate 335, and 
spacers (third supporting members) 34 1c. 

10 [0390] The first-third display layers 323-325 are each 
provided with cubic interconnection pads 342 and 342* 
(refer to Fig. 67) which are provided with opening por- 
tions 342a and 342 a, respectively. Furthermore, the 
second and third sealing plates 334 and 335 are pro- 

15 vided with contact holes 343, and the polymer resin 
layer 322 is provided with contact holes 344. Conse- 
quently, the first pixel electrode 330 is electrically con- 
nected with a connection terminal 354 via the opening 
portion 342a of the cubic interconnection pad 342 and a 

20 relay electrode 351 provided in the contact holes 343 
and 344. The second pixel electrode 331 is electrically 
connected with a connection terminal 355 via the open- 
ing portion 342'a of the cubic interconnection pad 342* 
and the relay electrode 351 . The third pixel electrode 

25 332 is electrically connected with a connection terminal 
356 via the contact holes 344. 

[0391 ] The first-third liquid crystal layers 326-328 are 
filled with guest host liquid crystals. To be more specific, 
the guest host liquid crystals are chiral nematic liquid 

30 crystal made of a mixture in which a dichroic dye of 
cyan, magenta, or yellow as a guest and a chiral agent 
for making a 7 fim helical pitch are added to a positive 
type nematic liquid crystal as a host. 
[0392] As shown in Fig. 69 the first and second pixel 

35 electrodes 330 and 331 are made of a transparent ITO 
film. The first pixel electrode 330 is connected with the 
TFT device 314 via the relay electrode 351 and the con- 
nection terminal 354 so as to be used for both the first 
and second liquid crystal layers 326 and 327. To be 

40 more specific, the first pixel electrode 330 is used as a 
pixel electrode for the first liquid crystal layer 326 and as 
a counter electrode for the second liquid crystal layer 
327. Similarly, the second pixel electrode 331 is used as 
a pixel electrode for the second liquid crystal layer 327 

45 and as a counter electrode for the third liquid crystal 
layer 328. The third pixel electrode 332, which is made 
of aluminum with a thickness of 500nm has a function 
as a reflective film. 

[0393] The f irst-third sealing plates 333-335 are made 
so of a polymer compound film, and their thickness is set at 
1 .0 \xm in the present embodiment. 
[0394] The spacers 341a-341c are 4 jim-high square 
pillars whose cross section is about 10 |im x 1 0 fim and 
are arranged regularly with a 50 urn pitch on the first- 
55 third display layers 323-325. respectively. The shape 
and arrangement not only prevent each of the first-third 
liquid crystal layers 326-328 from becoming uneven in 
thickness due to the bending of the first-third sealing 
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plates 333-335, but also secure a 95% or higher effec- 
tive open area ratio. Also, , the structure has excellent 
mechanical strength. The area density (size and 
arrangement pitch) of the spacers 341a-341c is not lim- 
ited to the one mentioned above, but can be set in 
accordance with the materia! and thickness of the first- 
third sealing plates 333-335 so as to secure the stack- 
ing of the first-third liquid crystal layers 326-328 and the 
effective open area ratio. 

[0395] The cubic interconnection pads 342 and 342' 
are 4 u,m-high square pillars whose cross section is 
about 30 urn x 30 ^im and are provided with opening 
portions 342a and 342'a (diameter: 10 urn) for cubic 
interconnection, respectively. 

[0396] AS shown in Fig. 66 the connection terminals 
354-356 are made of aluminum in the form of rectangle 
with a width U of 50 \im and a length V of 150 jim. The 
pitch between these connection terminals is 100 (im. 
[0397] As shown in Fig. 70 the anisotropic conductive 
adhesive materials 302 are adhesive beads made by 
coating 5 ^m-diameter beads 71 (made of an acrylic 
resin) plated with gold 373 with an epoxy resin 372. The 
anisotropic conductive adhesive materials 302 are dif- 
fused so as to make a dispersion density at least as 
high as to connect the array substrate 301 and the dis- 
play unit 303 electrically on the array substrate 301. To 
be more specific, the anisotropic conductive adhesive 
materials 302a-302c are pressed so that the driving 
electrodes 315-317 are connected with the connection 
terminals 354-356, respectively, via a bead 371 . As a 
result, as shown in Fig. 70(b) the epoxy resin 372 
becomes an oval, which prevents the short circuit with 
an adjacent one of the anisotropic conductive adhesive 
materials 302. 

[0398] The method for fabricating the liquid crystal dis- 
play device of the present embodiment will be described 
as follows. 

[0399] As shown in Fig. 71(a) the transparent com- 
mon electrode 329 made of ITO is formed onto the sub- 
strate 321 . After forming a light shielding film 361 made 
of chrome onto the regions corresponding to the spac- 
ers 341a and the cubic interconnection pads 342 and 
342', a positive type resist (OFPR800 produced by 
Tokyo Ohka Kogyo Co., Ltd.) is applied as thick as 4.0 
p.m by using a spinner or the like. Furthermore, by the 
exposure from the substrate 321 side and the following 
development, the spacers 341a and the cubic intercon- 
nection pads 342 and 342' are formed as shown in Fig. 
71(b). 

[0400] Then, a 1 .0 ^im-thick negative type resist film 
on which a 0.2 |nm-thick adhesive layer made of an ure- 
thane resin is applied is laminated onto the spacers 
341a and the cubic interconnection pads 342 and 342'. 
The negative type resist is bonded onto the spacers 
341a, and a UV ray is irradiated from the negative type 
resist side. As a result, the negative type resist is polym- 
erized and hardened so as to form the first sealing plate 
333 as shown in Fig. 72(a). Although the first sealing 



plate 333 is bonded onto the substrate 321 in the vicinity 
of the display region having no spacers 341a, that is, in 
the non-display region, spacers are provided in part of 
the non-display region so as to provide the inlets of the 

5 liquid crystal. 

[0401 ] An ITO film is toned onto the first sealing plate 
333 by spattering, and patterned to form the first pixel 
electrode 330 by photolithography and etching. 
[0402] The guest host liquid crystal prepared by dis- 

io solving a cyan dichroic dye in a positive type chiral 
nematic liquid crystal is implanted through the inlets and 
the inlets are closed, so as to form the first liquid crystal 
layer 326 as shown in Fig. 72(a). 

[0403] The second liquid crystal layer 327 is produced 
is in the same manner as the first liquid crystal layer 326. 
The positive type resist is applied onto the first pixel 
electrode 330, exposed from the substrate 321 side, so 
as to form the spacers 341b and the cubic interconnec- 
tion pads 342 and 342' on the same positions as those 
20 of the first liquid crystal layer 326 in a sell-aligned man- 
ner. 

[0404] A negative type resist film on which an adhe- 
sive layer is applied is laminated onto the spacers 341b 
and the cubic interconnection pads 342 and 342\ As 

25 shown in Fig. 72(b) a UV ray is irradiated in accordance 
with a normal mask exposure while shielding the spot in 
the center of the cubic interconnection pad 342 where 
the 10 micron-diameter opening portion 342a is to be 
formed. The opening portion 342a is formed in the resist 

30 film, and the other region is hardened by development 
so as to form the second sealing plate 334. Although the 
second sealing plate 334 is bonded onto the substrate 
321 in the vicinity of the display region having no spac- 
ers 341b, spacers are provided in part of the non-dis- 

35 play region so as to provide the inlets of the liquid 
crystal. 

[0405] An ITO film is formed on the second sealing 
plate 334 by spattering, and the second pixel electrode 
331 and the relay electrode 351 are formed by photoli- 

40 thography and etching. A guest host liquid crystal com- 
prising a positive type chiral nematic liquid crystal and a 
dichroic dye of magenta dissolved therein is implanted 
through the inlets so as to form the second liquid crystal 
layer 327 as shown in Fig. 73(a). 

45 [0406] The third liquid crystal layer 328 is formed in 
the same manner as the second liquid crystal layer 327 
as follows. The spacers 341 c and the cubic interconnec- 
tion pads 342 and 342' are formed in a self-aligned 
manner onto the second pixel electrode 331. A negative 

so type resist film with an adhesive layer applied thereon is 
laminated onto the spacers 341 c and the cubic intercon- 
nection pads 342 and 342'. 

[0407] A UV ray is irradiated in accordance with a nor- 
mal mask exposure while shielding the spots where the 
55 opening portions 342a and 342'a of the cubic intercon- 
nection pads 342 and 342' are to be formed. The open- 
ing portions 342a and 342'a are formed in the negative 
type resist film and the other region is hardened so as to 
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form the third sealing plate 335. Although the third seal- 
ing plate 335 is bonded onto the substrate 321 in the 
vicinity of the display region having no spacers 341, 
spacers are provided in part of the non-display region 
so as to provide the inlets of the liquid crystal. 
[0408] An aluminum film is formed as thick as 500nm 
onto the third sealing plate 335 by spattering, and the 
third pixel electrode 332 and the relay electrode 351 are 
formed by photolithography and etching. A guest host 
liquid crystal comprising a positive type chiral nematic 
liquid crystal and a dichroic dye of yellow dissolved 
therein is implanted through the inlets so as to form the 
third liquid crystal layer 328 as shown in Fig. 73(b). 
[0409] Furthermore, a 5 nm-thick negative type resist 
(FVR produced by Fuji Yakuhin) is applied onto the third 
sealing plate 335. Then, the positions where the contact 
holes 344 are formed are covered with a mask, and light 
is irradiated upon the negative type resist to be hard- 
ened. As a result, as shown in Fig. 74(a) the polymer 
resin layer 322 having contact holes 344 is formed. The 
polymer resin layer 322 has hardness corresponding to 
4H of pencil hardness by J IS examination. The hard- 
ness prevents the anisotropic conductive adhesive 
materials 302 from sinking into the third sealing plate 
335 and making its surface uneven when the array sub- 
strate 301 and the display unit 303 are bonded to each 
other via the anisotropic conductive adhesive materials 
302. 

[0410] Then, a 500nm-thick aluminum film is formed 
onto the polymer resin layer by spattering, and pat- 
terned to have a fixed shape. Consequently, the con- 
nection terminals 354-356 are formed as shown in Fig. 
74(b). 

[0411] The inspection process for inspecting the dis- 
play conditions of the display unit 3 is conducted as fol- 
lows, With an inspector, the connection terminals 354- 
356 are supplied with voltage to drive the first-third liq- 
uid crystal layers 326-328. While no voltage is being 
applied, the first-third liquid crystal layers 326-328 
exhibit lights of cyan, magenta, and yellow, respectively, 
and while a voltage is being applied, these layers 
become transparent, making it possible to inspect their 
operational conditions. When an error such as point 
defect or line defect is detected in the display unit 303, 
only the display unit 303 is abandoned. Since the 
inspection process is conducted before the array sub- 
strate 301 and the display unit 303 are combined, it 
becomes unnecessary to abandon the array substrate 

301 together with the display unit 303 when the display 
unit 303 is detected to be detective. As a result, the fab- 
rication cost is decreased and the yield is increased. 
[041 2] The anisotropic conductive adhesive materials 

302 are diffused onto the glass substrate 31 1 previously 
provided with the TFT devices 312-314 and the driving 
electrodes 315-317 which are the drain ends of these 
TFT devices. It is preferable that the amount of diffusing 
the anisotropic conductive adhesive materials 302 is so 
adjusted as to be distributed at least one for each of the 



connection terminals 354-356. 

[041 3] After the connection terminals 354-356 and the 
driving electrodes 315-317 are aligned, the array sub- 
strate 301 and the display unit 303 are combined. The 

5 alignment does not need higher accuracy than arrang- 
. ing the array substrate 301 and the display unit 303 with 
certain precision on a plane. They are combined by 
being pressed with 0.2 atmospheric pressure while 
being heated at 120°C. The application of 0.2 atmos- 

10 pheric pressure changes the epoxy resin 372 in the ani- 
sotropic conductive adhesive materials 302 to an oval 
form. As a result, the gold plating 373 is in contact with 
the driving electrode 315 and the connection terminal 
356 so as to connect them. The epoxy resin 372, which 

is becomes an oval has an insulation function in the direc- 
tion orthogonal to the film thickness direction. 
[041 4] Since the epoxy resin 372 can be hardened by 
being heated at 120°C, the array substrate 301 and the 
display unit 303 can be combined while the connection 

so between the driving electrodes 315-317 and the con- 
nection terminals 354-356 is maintained. 
[041 5] It has been confirmed that when the reflective 
type liquid crystal display device of the present embodi- 
ment thus fabricated is driven by entering image signals 

25 and the like to the array substrate 301, bright color 
images are displayed. Since the array substrate 301 
and the display unit provided with the first-third liquid 
crystal layers 326-328 are independent of each other, 
even when a display defect is detected in the liquid crys- 

30 tal layers, the array substrate 301 having TFT devices 
312-314 does not have to be abandoned. Conse- 
quently, the fabrication cost is decreased and the yield 
is increased. 

[041 6] In the present embodiment, gold-plated acrylic 

35 resin beads 371 are coated with the epoxy resin 372 to 
make the anisotropic conductive adhesive materials 
302; however, the adhesive materials may be conduc- 
tive only in the thickness direction of the liquid crystal 
display device. Even conductive adhesive materials 

40 having no anisotropy in the thickness direction can be 
used by controlling its dispersion density so as not to 
cause short circuit between an adjacent pixel and the 
conductive adhesive materials connected to each other. 
[0417] Although TFT devices are used as non-linear 

45 elements in the present embodiment, two-terminal ele- 
ments such as diodes can be used instead. Also a resin 
substrate provided with a driver IC thereon such as a 
multi-layered circuit substrate may be used for the array 
substrate. In that case, a further cost reduction can be 

so realized when the liquid crystal display device has high 
fabrication cost. 

[0418] Although the third pixel electrode 332 is used 
as a reflective film in the present embodiment, it is pos- 
sible that the electrode 332 is a transparent electrode 
55 and the common electrode made of aluminum or the 
like is a reflective film. Also the third pixel electrode 332 
can be formed on the surface of the glass substrate 31 1 
or the substrate 321. 
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[0419] The thickness of the first-third sealing plates 
333-335 is 1 .0 \itr\ in the present embodiment; however, 
it can be in the range of 0.5 to 10 fim. 
[0420] To be more specific, the thinner the first sealing 
plate 333 is, the smaller the voltage to be supplied to the 
liquid crystal layer 326 can be, so that the driving volt- 
age of the TFT devices 312-314 can be reduced. How- 
ever, when the first sealing plate 333 is too thin, it is 
deformed during the formation of the first pixel electrode 
330, causing wrinkles or cracks. Consequently, the first 
sealing plate 333 is preferably 0.5 urn or thicker. On the 
other hand, when the first sealing plate 333 is too thick, 
the dispersion density of the spacers 341 can be 
reduced, but there is a problem that the voltage to be 
supplied to the first liquid crystal layer 326 is decreased. 
Consequently, it is preferable that the first sealing plate 
333 is 10 \xm or thinner. 

(EMBODIMENT 4-2) 

[0421] The present embodiment will be described as 
follows based on Figs. 75 and 76. In the present embod- 
iment, components having the same structure as those 
of Embodiment 4-1 are referred to with the same refer- 
ence numbers and their description will be omitted. 
[0422] Embodiment 4-1 shows a reflective type liquid 
crystal display device having three liquid crystal layers 
sequentially stacked. In contrast, the present embodi- 
ment shows a liquid crystal display device having a sin- 
gle liquid crystal layer. 

[0423] Fig. 75 is a cross sectional view showing the 
structure of the liquid crystal display device of the 
present embodiment. 

[0424] The liquid crystal display device comprises a 
display unit 391 , a driving substrate 392, and an adhe- 
sive material 393 which bonds the display unit 391 and 
the driving substrate 392. 

[0425] The drive substrate 392 is provided with the 
pixel electrodes 386 made of aluminum or the like 
arranged with a fixed pitch on the surface of a resin 
interconnection substrate 387 which faces the display 
unit 391 , and further provided with a peripheral circuit 
composed of various LSJs or a driver circuit 390 on the 
outside. The resin interconnection substrate 387 is 
made of a glass epoxy resin and has a through hole 388 
to connect the pixel electrodes 386 and the driver circuit 
390 electrically. 

[0426] The display unit 391 is composed of a plastic 
substrate 381 and a display layer 389 formed thereon. A 
transparent electrode 383 made of an ITO film is formed 
on the entire surface of the plastic film substrate 381 . A 
100 pm-thick polarizing plate 382 made of polyethylene 
vinyl alcohol is provided outside the plastic substrate 
381. 

[0427] The display layer 389 is composed of spacers 
395, a sealing plate 384, and a liquid crystal layer 385. 
The sealing plate 384 is a 1 jim-thick PET (Polyethilene 
Telephthalate) film. The PET film is stretched to be a 



thin film and has birefringence of about 0.05 pm. The 
liquid crystal layer 385 consists of a chiral nematic liquid 
crystal containing a chiral agent so as to make a 32 urn 
helical pitch. Consequently, the liquid crystal molecules 

s in the vicinity of the sealing plate 384 are homogene- 
ously aligned which is the direction of stretching thef ilm r 
and the liquid crystal layer 385 has twist nematic align- 
ment with a twist of 45 degrees. The liquid crystal layer 
385 has a gap of 4 urn. 

w [0428] The adhesive material 393 is a 1 jim-thick ure- 
thane resin. Besides urethane resin, it can be made of 
any of various well-known adhesive agents. 
[0429] The method for fabricating the liquid crystal dis- 
play device of the present embodiment will be described 

is as follows. 

[0430] First, the transparent electrode 383 made of an 
ITO film is formed by spattering onto the entire surface 
of the plastic film substrate 381 provided with a polariz- 
ing plate 382 made of polyethylene vinyl alcohol. After 

20 forming a light shielding film 361 made of chrome on the 
spots corresponding to the spacers 395 in the same 
manner as Embodiment 4-1 , a resist film is applied as 
thick as 4.0 jim. Exposure is conduced from the plastic 
film substrate 381 side followed by development so as 

25 to form the spacers 395. 

[0431] Then, a 1.0 nm-thick PET film is prepared by 
stretching a polymer resin material made of PET. A 0.2 
jim-thick adhesive layer made of an urethane resin is 
applied onto the PET film and laminated onto the spac- 

30 ers 395 by heat press with a roll 394 shown in Fig. 76. 
As a result, the PET film is bonded onto the spacers 395 
so as to form the sealing plate 384. In the vicinity of the 
display region not provided with the spacers 395, that is, 
in the non-display region, the sealing plate 384 is 

35 bonded onto the plastic film substrate 381 ; however, the 
spacers 395 are provided in part of the non-display 
region in order to provide the inlets of the liquid crystal. 
[0432] The chiral nematic liquid crystal having a heli- 
cal pitch of 32 fim is implanted through the inlets, so as 

40 to form the liquid crystal layer 385. 

[0433] An adhesive material 352 made of an urethane 
resin is applied on the surface of the sealing plate 384 
where the liquid crystal layer 385 is not formed. 
[0434] On the other hand, an aluminum film is formed 

45 onto the resin interconnection substrate 387 by spatter- 
ing and patterned to have a fixed shape, so as to form 
the pixel electrode 386. Furthermore, a driver circuit 390 
is mounted outside the resin interconnection substrate 
387. 

50 [0435] The display unit 391 and the driving substrate 
392 are bonded to each other by disposing the adhesive 
material 393 therebetween and applying heat press 
using a heated roll. As a result, the reflective type liquid 
crystal display device of the present embodiment is 

55 completed. 

[0436] As described hereinbefore, unlike Embodiment 
4-1 , the reflective type liquid crystal display device of the 
present embodiment has the liquid crystal layer 385 
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between the common electrode 383 and the sealing 
plate 384, and the pixel electrode 386 not on the sealing 
plate 384 but on the resin interconnection substrate 
387. Therefore, the reflective type liquid crystal display 
device does not require to produce the display unit 391 
in accordance with the pattern of the pixel electrode 386 
on the driving substrate 392, so that the display pattern 
which is varied depending on the uses can be easily 
produced only by changing the formation pattern of the 
pixel electrode 386 on the resin interconnection sub- 
strate 387 side. 

[0437] In other words, the display layer can corre- 
spond to various array substrates having different dis- 
play patterns depending on the uses, which contributes 
to a cost reduction. 

[0438] When the display unit 391 and the driving sub- 
strate 392 are combined, their relative position on a 
plane is arbitrary, so that no alignment is required, 
which facilitates the assembly. Since the display unit 
391 is formed in close contact with the resin intercon- 
nection substrate 387 made of a glass epoxy resin, it is 
not very affected by bending, which makes it possible to 
use a very thin plastic film substrate for the display unit 
391. As a result, an extremely thin and light reflective 
type liquid crystal display device is obtained which com- 
prises plastic liquid crystal using a plastic film substrate 
and being integrated into the resin interconnection sub- 
strate 387. The resin interconnection substrate 387 has 
various peripheral circuits mounted thereon in order to 
realize various functions including image display, as 
described above. Therefore, to mount the pixel elec- 
trode 386 or the driver circuit 390 onto the resin inter- 
connection substrate 387 itself does not contribute to a 
cost increase. 

[0439] Although the thickness of the seating plate 384 
is 1.0 urn in the present embodiment, it can be in the 
range of 0.5 to 10 |im. To be more specific, the thinner 
the sealing plate 384 is, the larger the voltage to be sup- 
plied to the liquid crystal layer 385 can be, which can 
reduce the driving voltage. However, when the sealing 
plate 384 is too thin, it is deformed during the formation 
of the pixel electrode 386, causing wrinkles or cracks. 
Consequently, the sealing plate 384 is preferably 0.5 \im 
or thicker. 

[0440] On the other hand, when the sealing plate 384 
is too thick, the dispersion density of the spacers 395 
can be reduced, but there is a problem that the voltage 
to be supplied to the liquid crystal layer 385 is 
decreased. Consequently, the thickness of the sealing 
plate 384 is preferably 10 |im or below because when 
the thickness is similar to the gap of the liquid crystal 
layer 385, the liquid crystal layer 385 can be driven with 
a comparatively low voltage without providing a pixel 
electrode on the sealing plate 384. 

(EMBODIMENT 4-3) 

[0441] The present embodiment will be described as 



follows based on Figs. 77 and 78. In the present embod- 
iment, components having the same structure as those 
of Embodiments 4-1 and 4-2 are referred to with the 
same reference numbers and their description wilt be 
5 omitted. 

[0442] The liquid crystal display device of the present 
embodiment is a multi-screen LCD composing a large 
screen display where liquid crystal panels having 600 x 
800 x trio (x 3) pixels with a pitch of 330 fim are 

10 arranged. To be more specific, as shown in Figs. 77(a) 
and 77(b) the liquid crystal display device comprises a 
display unit 501 , an array substrate 502, and an adhe- 
sive material 407 which bonds the display unit 501 and 
the array substrate 502. 

75 [0443] The adhesive material 407 is a transparent 
acrylic thermosetting adhesive material containing no 
solvent. As shown in Fig. 77(a) the display unit 501 
comprises a liquid crystal layer 403 between the sub- 
strate 41 0 and the sealing plate 384, which is supported 

20 by the spacers 409. The substrate 410 is provided with 
a polarizing plate 405 on its external surface, and with a 
color filter layer 401 on its internal surface. The color fil- 
ter layer 401 is provided with a common electrode 329 
thereon and an alignment film 402 is formed on the 

25 common electrode 329. A total of 1 20 x 1 600 x 3 rectan- 
gular pixel electrodes 404 are arranged on the sealing 
plate 384 in the form of matrix at intervals of 1 10 urn. 
[0444] The substrate 41 0 is made from glass of a rec- 
tangle whose diagonal length is 85 cm. The liquid crys- 

30 tat layer 403 has a structure where chiral nematic liquid 
crystal having a helical pitch of 50 \xm is twisted 90 
degrees to form a twisted nematic alignment. The align- 
ment film is made of a polyimide resin. 
[0445] The spacers 409 are 5.0 jim-high square pillars 

35 whose cross section is about 10 Jim x 10 Jim and are 
arranged regularly with a 50 urn pitch on the common 
electrode 309. The shape and arrangement not only 
prevent the liquid crystal layer 403 from becoming une- 
ven in thickness due to the hanging down of the sealing 

40 plate 384 but also secure an about 95% effective open 
area ratio. The area density (size and arrangement 
pitch) of the spacers 409 is not limited to the one men- 
tioned above, but can be set in accordance with the 
material and thickness of the sealing plate 384 so as to 

45 secure the stacking of the liquid crystal layer 403 and 
the effective open area ratio. 

[0446] The color filter layer 401 has a structure where 
the sub pixels of red, green, and blue are arranged in 
the form of stripe with a 1 10 fim pitch. 

so [0447] The array substrate 502 is composed of four 
array substrates 502a-502d. The array substrate 502a 
is composed of a glass substrate 31 1 a provided with 
TFT devices 312 whose semiconductor layers are made 
of amorphous silicon. The TFT devices 312 are 

55 arranged in the form of matrix with a pitch of 330 fim. 
Aluminum terminals 408 having a height of 500nm in 
their thickness direction are provided on the drain elec- 
trode (not shown) side of each of the TFT devices 312. 
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A housing unit 41 1 for forming the driving circuit 413 is 
provided in the periphery of the right crossing two sides 
of the array substrate 502a. The array substrates 502b- 
502d have almost the same structure as the array sub- 
strate 502a. 5 
[0448] The method for fabricating the liquid crystal dis- 
play device of the present embodiment will be described 
as follows. 

[0449] The common electrode 329 is formed by spat- 
tering onto the substrate 410 previously provided with w 
the color filter layer 401. The polyimide resin is applied 
onto the common electrode 329, and subjected to a rub- 
bing method in a fixed direction so as to form the align- 
ment film 402. 

[0450] In the same manner as Embodiment 4-2, after is 
the light shielding film made, of chrome is formed on the 
spots corresponding to the spacers 409, a positive type 
resist is applied as thick as 5.0 (im using a spinner. 
Then, exposure is conducted from the substrate 410 
side followed by development so as to form the spacers 20 
409. 

[0451 ] The 1 .0 nm-thick PET film on which a 0.2 \xm- 
thick adhesive layer made of an urethane resin is 
applied is subjected to a lamination treatment so as to 
form the sealing plate 384. The PET film is thinned by 25 
previously being stretched in the direction orthogonal to 
the rubbing direction when the rubbing method is con- 
ducted to form the alignment film 402. As a result, the 
liquid crystal molecules in the vicinity of the sealing 
plate 384 are oriented in the direction parallel to the 30 
stretching direction, and the liquid crystal molecules in 
the vicinity of the alignment film 402 are oriented in the 
direction parallel to the rubbing direction, so as to form 
a twisted nematic alignment with a twist o< 90 degrees. 
[0452] In the vicinity of the display region not provided 35 
with the spacers 409, the sealing plate 384 is bonded 
onto the substrate 410; however, some spacers 409 are 
arranged in part of the non-display region in order to 
provide the inlets of the liquid crystal. 
[0453] An ITO film is formed on the sealing plate 384, 40 
and photolithography and etching are conducted to form 
the pixel electrodes 404. Furthermore, chiral nematic 
liquid crystal is implanted through the inlets so as to 
form the liquid crystal layer 403. 

[0454] The TFT devices 312 are formed on the glass 45 
substrate in a conventional manner. The aluminum ter- 
minals 408 are formed on the drain electrode side of 
each of the TFT devices 312. The glass substrate is 
divided into the array substrates 502a-502d with a 
scriber so that the array substrates 502a -502d each 50 
have a housing unit 411 for mounting a driving circuit 
along the right crossing two sides of the array substrate. 
There is an error of about 30 jim between the measures 
set before dividing the substrate and the measures 
obtained after the substrate is actually divided, which 55 
makes the array substrate 502a slightly closer to the 
center than the array substrate 502b. As shown in Fig. 
78 the array substrates 502a-502d are arranged so as 



to place the housing units 41 1 outward and fixed with an 
enclosure 412. 

[0455] An adhesive material 407 is applied on the 
sealing plate 384 and the pixel electrode 404 in the dis- 
play unit 501 . The display unit 402 and the array sub- 
strates 502a-502d fixed within the enclosure 412 are 
aligned, and heated while a fixed pressure is being 
applied so as to harden the adhesive material 407. The 
alignment does not need higher accuracy than arrang- 
ing the array substrates 502a-502d and the display unit 
501 with a fixed precision on a plane. 
[0456] The polarizing plate 405 is arranged outside 
the substrate 410 and a polarizing plate 406 is arranged 
outside the array substrates 31 1a-31 1d. Finally, a back 
light is provided outside the glass substrate 311. As a 
result, the permeable type liquid crystal display device 
of the present embodiment is obtained. 
[0457] As described hereinbefore, the permeable type 
liquid crystal display device of the present embodiment 
has an effect of enabling continuous image display in a 
large screen without showing the joints among the array 
substrates 502a-502d on the screen, in addition to the 
same effect as that of Embodiment 4-1 . 
[0458] To be more specific, a conventional multi- 
screen LCD is composed of a plurality of liquid crystal 
panels each having a unit for providing a driving circuit 
at the edges of the display region. Arranging these liq- 
uid crystal panels generates spaces between the dis- 
play regions of adjacent liquid crystal panels, making 
the pitch of the pixel electrodes uneven at the joints 
among the liquid crystal panels. As a result, images 
become intermittent on the display screen, making 
joints recognizable. In conventional devices, various 
improvements are tried in order to make the joints unno- 
ticeable. For example, the pixel pitch is made large or 
the panels are arranged so precisely as to make the dif- 
ference in precision between the measures set before 
dividing the liquid crystal panel and the measures 
obtained after the liquid crystal panel is actually divided. 
However, it is still difficult to arrange the liquid crystal 
panels so precisely as to make the joints unnoticeable 
because the division of the panels is conducted 
mechanically. 

[0459] In contrast, in the permeable type liquid crystal 
display device of the present embodiment, the pixel 
electrodes 404 are arranged in the display unit 501 with 
a fixed pixel pitch, and not provided in the array sub- 
strates 502a-502d, so that the pitch does not become 
uneven. As a result, the image displayed on the screen 
does not become discontinuous. Also precise alignment 
is unnecessary when the array substrates 502a-502d 
are arranged on the same plane. Since the pixel pitch 
does not have to be larger, high precision can be 
obtained. Thus, unlike the conventional mufti-screen 
LCD. the present embodiment can provide a liquid crys- 
tal display device capable of offering continuous images 
in a large screen without showing the joints among the 
panels. 
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[0460] Although the present invention has bee fully 
described by way of examples with reference to the 
accompanying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modification s depart from the scope of the resent 
invention, they should be construed as being included 
therein. 

INDUSTRIAL UTILIZATION 



[0461] As described hereinbefore, the structure of the 
present invention can achieve all the objects of the 
present invention. 

[0462] To be more specific, the liquid crystal display 
device is structure by forming gaps between a substrate 
and a resin film and between each adjacent resin films, 
and then sealing liquid crystal into the gaps. In this 
structure, the liquid crystal display device does not 
cause unevenness in color resulting from the parallax 
due to the stacking of liquid crystal layers, so that bright 
display and a high contrast ratio are realized. Also the 
fabrication processes are simplified and the fabrication 
yield is increased. 

[0463] The liquid crystal display device comprising 
stacked resin films makes it possible to connect the 
electrodes formed on these resin films by conducting a 
contact hole formation process only one time, securing 
the connection inside contact holes. The use of an inor- 
ganic material such as ITO as the transparent elec- 
trodes formed on the resin films prevents the resin films 
from wrinkling and keeps their surfaces smooth, which 
makes the liquid crystal display device maintain its char- 
acteristics as a display device. 

[0464] The supporting members are formed by expos- 
ing a photosensitive resin layer via the opening portions 
formed in the reflective film so as to harden the resin 
layer. This makes it possible to reduce the fabrication 
cost because a mask alignment process becomes 
unnecessary in forming the supporting members and to 
easily increase the contrast ratio by reducing the area 
for the supporting members. 

[0465] The use of conductive connection means for 
connecting the display layer having the liquid crystal lay- 
ers and the array substrate having non-linear elements 
makes it possible to provide a full-color liquid crystal dis- 
pliy device which is fabricated at a low cost with a 
higher yield because it does not need to abandon the 
array substrate when a liquid crystal layer or the like has 
a display defect. The liquid crystal display device has 
another effect of lowering the precision level in align- 
ment because the pixel electrodes and the driving elec- 
trodes may be relatively positioned in a plane only to be 
connected each other by the connection means. 
[0466] The use of an adhesive material for combining 
the driving substrate having the pixel electrodes and the 
driving circuits, and the display layer having the liquid 
crystal layers and the common electrode makes it 



unnecessary to produce the display layer in accordance 
with the pattern form of the driving electrodes on the 
driving substrate. Therefore, the display layer can corre- 
spond to various array substrates having different dis- 
5 play patterns depending on the uses. Since the display 
layer and the driving substrate can be combined in an 
arbitrary relative position on a plane, no alignment is 
required, which facilitates the assembly. It is also possi- 
ble to provide a liquid crystal display device which is thin 
10 and light in weight and defies bending or other deforma- 
tion, and a method for fabricating the liquid crystal dis- 
play device. 

[0467] The use of an adhesive material to bond the 
display layer provided with pixel electrodes arranged at 
is regular intervals and a plurality of array substrates pro- 
vided with non-linear elements prevents the joints 
among the array substrates from becoming recogniza- 
ble on the display screen. Thus, it becomes possible to 
provide a liquid crystal display device having a multi- 
20 screen where the joints among the panels are unnotice- 
able, and a method for fabricating the liquid crystal dis- 
play device. 
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Claims 

1 . A liquid crystal display device comprising: 

a substrate having a pixel electrode and a driv- 
ing element connected to the pixel electrode on 
a surface of said substrate; 
a resin film being disposed above said sub- 
strate and having a common electrode on a 
surface of said resin film; 
a plurality of supporting members each being 
columnar and standing on said substrate so as 
to support said resin film; 
an adhesive layer being disposed between said 
resin film and said plurality of supporting mem- 
bers so as to bond said resin film to said plural- 
ity of supporting members, said adhesive layer 
being made of a thermoplastic material and 
exerting thermoplastic characteristics so as to 
bond said resin film to said plurality of support- 
ing members; and 

a liquid crystal layer being composed of liquid 
crystal and being disposed between said sub- 
strate and said resin film. 

2. A liquid crystal display device comprising: 

a substrate being transparent and having a 
pixel electrode and a driving element con- 
nected to the pixel electrode on a surface of 
said substrate; 

a plurality of resin films being stacked above 
said substrate, an uppermost resin film of said 
plurality of resin films having a common elec- 
trode on a surface thereof, and remaining ones 
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of said plurality of resin films each having a 
pixel electrode on a surface thereof; 
a plurality of liquid crystal layers each being 
formed by arranging a plurality of supporting 
members each being columnar in each gap s 
between said substrate and a lowermost resin 
film of said plurality of resin films and between 
adjacent ones of said plurality of resin films, 
and by sealing liquid crystal into said each gap; 
said substrate having more driving elements on io 
the surface thereof, said more driving elements 
being electrically connected to a corresponding 
one of the pixel electrodes formed on the 
remaining ones of said plurality of resin films 
via cubic interconnection provided in relation to is 
each of the pixel electrodes formed on the 
remaining ones of said plurality of resin films; 
a plurality of adhesive layers each being dis- 
posed between each of said plurality of sup- 
porting members and each of said plurality of 20 
resin films, said plurality of adhesive layers 
being made of a thermoplastic material and 
exerting thermoplastic characteristics so as to 
bond each of said plurality of resin films to each 
of said plurality of supporting members; and 25 
the supporting members between adjacent 
ones of said plurality of resin films being 
arranged substantially in same positions as the 
supporting members between said substrate 
and the lowermost resin film with respect to a 30 
plane parallel to said substrate. 

3. The liquid crystal display device of claim 1 , wherein 

said resin film is made of one of a material hav- 35 
ing no thermoplasticity and a material having 
thermoplasticity and exerting thermoplastic 
characteristics at a higher temperature than 
said adhesive layer; and 

said plurality of supporting members are made 40 
of one of a material having no thermoplasticity, 
a material having thermoplasticity and exerting 
thermoplastic characteristics at a higher tem- 
perature than said adhesive layer, and a mate- 
rial being hardened before said resin film is 45 
bonded to said plurality of supporting mem- 
bers. 

4. The liquid crystal display device of claim 2, wherein 

so 

said plurality of resin films are made of one of a 
material having no thermoplasticity and a 
material having thermoplasticity and exerting 
thermoplastic characteristics at a higher tem- 
perature than said plurality of adhesive layers; 55 
and 

said plurality ol supporting members are made 
of one of a material having no thermoplasticity. 



a material having thermoplasticity and exerting 
thermoplastic characteristics at a higher tem- 
perature than said plurality of adhesive layers, 
and a material being hardened before said plu- 
rality of resin films are bonded to said plurality 
of supporting members. 

5. The liquid crystal display device of claim 2, wherein 

three liquid crystal layers and three resin films 
are stacked, and 

the liquid crystals composing the three liquid 
crystal layers are guest host liquid crystals, 
each containing a dichroic dye, each dichroic 
dye having a different color from remaining 
dichroic dyes. 

6. The liquid crystal display device of claim 1 , wherein 

said substrate is a transparent substrate; and 
said plurality of supporting members and said 
adhesive layer are a positive type photo resist 
formed by disposing a light shielding film over 
spots on said substrate where said plurality of 
supporting members are arranged and by con- 
ducting photolithography using the light shield- 
ing film as a photo mask. 

7. The liquid crystal display device of claim 2, wherein 

said substrate is a transparent substrate; and 
said plurality of supporting members and said 
plurality of adhesive layers are a positive type 
photo resist formed by disposing a light shield- 
ing film over spots on said substrate where said 
plurality of supporting members are arranged 
and by conducting photolithography using the 
light shielding film as a photo mask. 

8. The liquid crystal display device of claim 1 , wherein 

said substrate is a transparent substrate; and 
said plurality of supporting members and said 
adhesive layer are a negative type photo resist 
formed by disposing a light shielding film on 
said substrate excluding spots where said plu- 
rality of supporting members are arranged and 
by conducting photolithography using the light 
shielding film as a photo mask. 

9. The liquid crystal display device of claim 2, wherein 

said substrate is a transparent substrate; and 
said plurality of supporting members and said 
plurality of adhesive layers are a negative type 
photo resist formed by disposing a light shield- 
ing film on said substrate excluding spots 
where said plurality of supporting members are 
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arranged and by conducting photolithography 
using the light shielding film as a photo mask. 

10. The liquid crystal display device of claim 1 , wherein 
a distance between adjacent ones of said plurality 
of supporting members arranged in a pixel region, 
of said plurality of supporting members is in a range 
of 15 to 100 urn. 

1 1 . The liquid crystal display device of claim 2, wherein 
a distance between adjacent ones of said plurality 
of supporting members arranged in a pixel region, 
of said plurality of supporting members is in a range 
of 15 to 100 pm. 

12. The liquid crystal display device of claim 1 f wherein 
thickness of said resin film is in a range of 0.5 to 10 
jjm. 

13. The liquid crystal display device of claim 2, wherein 
thickness of said plurality of resin films is in a range 
of 0.5 to 10 urn. 

14. The liquid crystal display device of claim 1 , wherein 
resistivity of said resin film is 1 0 10 O • cm or below. 

15. The liquid crystal display device of claim 2. wherein 
resistivity of said plurality of resin films is 
10 10 Q*cmor below. 

16. The liquid crystal display device of claim 2, wherein 
said plurality of resin films have optical antsotropy 
and are so arranged as to make all slow axes said 
plurality of resin films be in a same direction. 

17. The liquid crystal display device of claim 5, wherein 
the three resin films have optical anisotropy and are 
so arranged as to make all slow axes of the three 
resin films be in a same direction. 

18. The liquid crystal display device of claim 1 , wherein 

said resin film has breathability, and 
said common electrode is made of a metallic 
material having reflection characteristics and 
also serves as a shading film for preventing 
oxygen or moisture in open air from permeating 
through said resin film. 

1 9. The liquid crystal display device of claim 2, wherein 

said plurality of resin films have breathability, 
and 

said common electrode is made of a metallic 
material having reflection characteristics and 
also serves as a shading film for preventing 
oxygen or moisture in open air from permeating 
through the uppermost resin film. 



20. The liquid crystal display device of claim 1 , wherein 

said resin film has breathability, and 
a shading film is provided on said common 
5 electrode so as to prevent oxygen or moisture 

in open air from permeating through said resin 
film. 

21. The liquid crystal display device of claim 2, wherein 

10 

said plurality of resin films have breathability, 
and 

a shading film is provided on said common 
electrode so as to prevent oxygen or moisture 
is in open air from permeating through the upper- 

most resin film. 

22. The liquid crystal display device of claim 20, 
wherein 

20 

said common electrode is a transparent elec- 
trode, and 

said shading film is made of a metallic material 
having reflection characteristics and also 
25 serves as a reflective plate. 

23. The liquid crystal display device of claim 21. 
wherein 

30 said common electrode is a transparent elec- 

trode, and 

said shading film is made of a metallic material 
having reflection characteristics and also 
serves as a reflective plate. 

24. The liquid crystal display device of claim 1 , wherein 

said common electrode is a transparent elec- 
trode; 

40 a resin layer is formed on said common elec- 

trode, said resin layer being transparent and 
having a multiplicity of fine convex and concave 
portions on a surface thereof; and 
a reflective film having a shape of a multiplicity 

45 of fine convex and concave portions is formed 

correspondingly on said multiplicity of fine con- 
vex and concave portions on the surface of 
said resin layer. 

so 25. The liquid crystal display device of claim 2, wherein 

said common electrode is a transparent elec- 
trode; 

a resin layer is formed on said common elec- 
55 trode, said resin layer being transparent and 

having a multiplicity of fine convex and concave 
portions on a surface thereof; and 
a reflective film having a shape of a multiplicity 
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of fine convex and concave portions is toned 
correspondingly on said multiplicity of fine con- 
vex and concave portions on the surface of 
said resin layer. 

5 

26. A liquid crystal display device comprising: 

a substrate having a pixel electrode and a driv- 
ing element connected to the pixel electrode on 
a surface of said substrate; 10 
a resin film being disposed above said sub- 
strate; 

a plurality of supporting members each being 
columnar and standing on said substrate so as 
to support said resin film; 15 
an adhesive layer being disposed between said 
resin film and said plurality of supporting mem- 
bers so as to bond said resin film to said plural- 
ity of supporting members, said adhesive layer 
being made of a thermoplastic material and 20 
exerting thermoplastic characteristics so as to 
bond said resin film to said plurality of support- 
ing members; 

a liquid crystal layer being composed of liquid 
crystal and being disposed between said sub- 25 
strate and said resin film; 
a resin layer being formed on a surface of said 
resin film, said resin layer being transparent 
and having a multiplicity of fine convex and 
concave portions on a surface thereof; and 30 
a reflective film having a shape of a multiplicity 
of fine convex and concave portions and being 
formed correspondingly on said multiplicity of 
fine convex and concave portions on the sur- 
face of said resin layer, said reflective film also 35 
serving as a common electrode. 

27. A liquid crystal display device comprising: 

a substrate having a pixel electrode and a driv- 40 
ing element connected to the pixel electrode on 
a surface of said substrate; 
a plurality of resin films being stacked above 
said substrate, said plurality of resin films each 
having a pixel electrode on a surface thereof 45 
except an uppermost resin film of said plurality 
of resin films; 

a plurality of liquid crystal layers each being 
formed by arranging a plurality of supporting 
members each being columnar in each gap so 
between said substrate and a lowermost resin 
film of said plurality of resin films and between 
adjacent ones of said plurality of resin films, 
and by sealing liquid crystal into said each gap; 
said substrate having more driving elements on ss 
the surface thereof, said more driving elements 
being electrically connected to a corresponding 
one of the pixel electrodes formed on said plu- 



rality of resin films except the uppermost resin 
film via cubic interconnection provided in rela- 
tion to each of the pixel electrodes formed on 
said plurality of resin films except the upper- 
most resin film; 

a plurality of adhesive layers each being dis- 
posed between each of said plurality of sup- 
porting members and each of said plurality of 
resin films, said plurality of adhesive layers 
being made of a thermoplastic material and 
exerting thermoplastic characteristics so as to 
bond each of said plurality of resin films to each 
of said plurality of supporting members; 
the supporting members between adjacent 
ones of said plurality of resin films being 
arranged substantially in same positions as the 
supporting members between said substrate 
and the lowermost resin film with respect to a 
plane parallel to said substrate; 
a resin layer being formed on a surface of the 
uppermost resin film, said resin layer being 
transparent and having a multiplicity of fine 
convex and concave portions on a surface 
thereof; and 

a reflective film having a shape of a multiplicity 
of fine convex and concave portions and being 
formed correspondingly on said multiplicity of 
fine convex and concave portions on the sur- 
face of said resin layer, said reflective film also 
serving as a common electrode. 

28. A method for fabricating a liquid crystal display 
device comprising the steps of: 

arranging a plurality of supporting members 
each being columnar onto a substrate, said 
substrate being transparent and having a pixel 
electrode and a driving element connected with 
the pixel electrode thereon; 
forming an adhesive layer onto said plurality of 
supporting members; 

bonding a resin film to said plurality of support- 
ing members by disposing said resin film onto 
said adhesive layer formed on said plurality of 
supporting members and applying heat to said 
resin film while maintaining a gap between said 
substrate and said resin film; 
forming a common electrode onto a surface of 
said resin film; and 

sealing liquid crystal into said gap between 
said substrate and said resin film. 

29. A method for fabricating a liquid crystal display 
device comprising the steps of: 

arranging a plurality of first supporting mem- 
bers on a substrate, said substrate being trans- 
parent and having a pixel electrode and a 
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driving element connected to the pixel elec- 
trode thereon; 

forming a first adhesive layer onto said plurality 
first of supporting members; 
bonding a first resin film to said plurality of first s 
supporting members by disposing the first 
resin film onto the first adhesive layer formed 
on said plurality of first supporting members 
and applying heat to the first resin film while 
maintaining a gap between said substrate and 10 
the first resin film; 

forming a first opening portion in the first resin 
film; 

forming a first pixel electrode on the first resin 
film and electrically connecting the first pixel is 
electrode to a corresponding driving element 
on said substrate via the first opening portion; 
stacking one other resin film or more resin films 
by first stacking a second resin film while main- 
taining a gap between the first resin film and 20 
the second resin film by arranging a plurality of 
second supporting members on the first resin 
film bonded to said plurality of first supporting 
members; forming a second adhesive layer 
onto said plurality of second supporting mem- 25 
bers; bonding the second resin film to said plu- 
rality of second supporting members; forming a 
second opening portion in the second resin 
film; and forming a second pixel electrode on 
the second resin film and electrically connect- 30 
ing the second pixel electrode to a correspond- 
ing driving element formed on said substrate 
via the second opening portion; 
forming a plurality of uppermost supporting 
members on a resin film last stacked in a previ- 35 
ous stacking step and disposing an uppermost 
adhesive layer onto said plurality of uppermost 
supporting members so as to bond an upper- 
most resin film to said plurality of uppermost 
supporting members; 40 
forming a common electrode on a surface of 
the uppermost resin film; and 
sealing liquid crystal into said gap between 
said substrate and the first resin film and said 
gap between adjacent resin films. ts 

30. The method for fabricating a liquid crystal display 
device of claim 29, wherein each opening portion is 
formed by reactive ion etching. 

50 

31. The method for fabricating a liquid crystal display 
device of claim 28, wherein the step of bonding said 
resin to said plurality of supporting members com- 
prises the sub step of pressing said resin film with a 
heated roller. 55 

32. The method for fabricating a liquid crystal display 
device of claim 29, wherein 
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the step of bonding the first resin to said plural- 
ity of first supporting members comprises the 
sub step of pressing said resin film with a 
heated roller; and 

the step of stacking one other resin film or more 
resin films comprises the sub step of pressing 
each resin film with a heated roller. 

33. The method for fabricating a liquid crystal display 
device of claim 31 , wherein 

said adhesive layer is made of a material which 
exerts thermoplastic characteristics at a lower 
temperature than said resin film exerting ther- 
moplastic characteristics, and 
the heated roller heats said resin film to a tem- 
perature lower than said resin film exerting 
thermoplastic characteristics and higher than 
said adhesive layer exerting thermoplastic 
characteristics. 

34. The method for fabricating a liquid crystal display 
device of claim 32, wherein 

each adhesive layer is made of a material 
which exerts thermoplastic characteristics at a 
lower temperature than each resin film exerting 
thermoplastic characteristics, and 
the heated roller heats said each resin film to a 
temperature lower than said each resin film 
exerting thermoplastic characteristics and 
higher than said each adhesive layer exerting 
thermoplastic characteristics. 

35. The method for fabricating a liquid crystal display 
device of claim 31 , wherein at least a surface of the 
heated roller is made of a rigid material. 

36. The method for fabricating a liquid crystal display 
device of claim 32, wherein at least a surface of the 
heated roller is made of a rigid material. 

37. The method for fabricating a liquid crystal display 
device of claim 28, wherein the step of arranging 
said plurality of supporting members onto said sub- 
strate comprises: 

forming a light shielding film over spots on a 
surface of said substrate where said plurality of 
supporting members are arranged; 
applying a first positive type resist onto the sur- 
face of said substrate; 

exposing the first positive type resist from a 
rear surface of said substrate using the light 
shielding film as a photo mask; and 
developing the first positive type resist with a 
first developing solution and hardening the first 
positive type resist; and 
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the step of forming said adhesive layer onto 
said plurality of supporting members com- 
prises: c 

applying a second positive type resist onto the 
surface of said substrate having said plurality of 
supporting members thereon; 
exposing the second positive type resist from 
the rear surface of said substrate using the light 
shielding film as the photo mask; and 
developing the second positive type resist with 
a second developing solution. 

38. The method for fabricating a liquid crystal display 
device of claim 28, wherein the step of forming an 
adhesive layer and the step of bonding said resin 
film comprises: 

preparing said resin film applied with an adhe- 
sive layer; and 

arranging said resin film onto said plurality of 
supporting members with heating so that said 
surface applied with said adhesive layer faces 
said plurality of supporting members. 

39. The method for fabricating a liquid crystal display 
device of claim 29, wherein the step of forming an 
adhesive layer and the step of bonding the first 
resin film to said plurality of first supporting mem- 
bers comprise: 

preparing the first resin film applied with an 
adhesive layer; and 

arranging the first resin film onto said plurality 
of first supporting members with heating so 
that said surface applied with said adhesive 
layer faces said plurality of first supporting 
members; and 

the step of stacking one other resin film or more 
resin films comprises: 

preparing the second resin film applied with an 
other adhesive layer; and 
arranging the second resin film onto said plu- 
rality of second supporting members with heat- 
ing so that said surface applied with said other 
adhesive layer faces said plurality of second 
supporting members. 

40. The method for fabricating a liquid crystal display 
device of claim 28, wherein in the step of arranging 
said plurality of supporting members on said sub- 
strate, supporting members arranged in a pixel 
region are formed to have more width than height. 

41 . The method for fabricating a liquid crystal display 
device of claim 29. wherein in the step of arranging 
said plurality of first supporting members on said 
substrate, first supporting members arranged in a 
pixel region are formed to have more width than 



height. 

42. The method for fabricating a liquid crystal display 
device of claim 28, wherein thickness of said resin 

5 film is in a range of 0.5 to 10 jim. 

43. The method for fabricating a liquid crystal display 
device of claim 29, wherein thickness of each resin 
film is in a range of 0.5 to 10 fim. 

10 

44. The method for fabricating a liquid crystal display 
device of claim 28, wherein a main component of 
said resin film is a polyester resin. 

75 45. The method for fabricating a liquid crystal display 
device of claim 29, wherein a main component of 
each resin film is a polyester resin. 

46. The method for fabricating a liquid crystal display 
20 device of claim 28, wherein in the step of bonding 
said resin film to said plurality of supporting mem- 
bers, a venthole is formed in order to ventilate said 
gap between said substrate and said resin film. 

25 47. The method for fabricating a liquid crystal display 
device of claim 29. wherein 

in the step of bonding the first resin film to said 
plurality of first supporting members, a first 
30 venthole is formed in order to ventilate said gap 

between said substrate and the first resin film; 
and 

in the step of stacking one other resin film or 
more resin films, a second venthole is formed 
35 in order to ventilate said gap between the first 

resin film and the second resin film. 

48. The method for fabricating a liquid crystal display 
device of claim 46, wherein said venthole is formed 

40 by leaving a part of said substrate without being 
bonded to said resin film, said part being in a vicin- 
ity of a display portion on said substrate. 

49. The method for fabricating a liquid crystal display 
45 device of claim 47, wherein the second venthole is 

formed by leaving a part of the first resin film with- 
out being bonded to the second resin film, said part 
being in a vicinity of a display portion on said sub- 
strate. 

50 

50. The method for fabricating a liquid crystal display 
device of claim 48, wherein an internal wall of said 
venthole is subjected to a treatment for decreasing 
a surface tension. 

55 

51. The method for fabricating a liquid crystal display 
device of claim 49, wherein an internal wall of the 
second venthole is subjected to a treatment for 
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decreasing a surface tension. 

52. The method for fabricating a liquid crystal display 
device of claim 46, wherein said venthole is formed 

by bonding said resin film to said substrate in a 5 
vicinity of a display portion on said substrate so as 
to once seal said gap, and forming a through hole in 
a region outside a display portion of said resin film. 

53. The method for fabricating a liquid crystal display io 
device of claim 47, wherein the first venthole and 
the second venthole are formed by bonding the first 
resin film to said substrate and bonding the second 
resin film to the first resin film in a vicinity of a dis- 
play portion on said substrate so as to once seal is 
said gap between said substrate and the first resin 
film and said gap between the first resin film and the 
second resin film, and forming a through hole in a 
region outside a display portion of all resin films 
stacked. 20 

54. The method for fabricating a liquid crystal display 
device of claim 46 further comprising the step of 
closing said venthole. 

55. The method for fabricating a liquid crystal display 
device of claim 47 further comprising the step of 
closing the first venthole and the second venthole. 

56. A method for fabricating a liquid crystal display 
device comprising the steps of: 

arranging a plurality of supporting members 
each being columnar onto a substrate, said 
substrate being transparent and having a pixel 
electrode and a driving element connected with 
the pixel electrode thereon; 
forming an adhesive layer onto said plurality of 
supporting members; 

bonding a resin film to said plurality of support- 40 
ing members by disposing said resin film onto 
said adhesive layer formed on said plurality of 
supporting members and applying heat to said 
resin film while maintaining a gap between said 
substrate and said resin film; 45 
forming a resin layer whose surface has a mul- 
tiplicity of fine convex and concave portions by 
applying a photo resist onto a surface of said 
resin film, subjecting the surface of said resin 
film to mask exposure, developing, and baking; 50 
forming a reflective film also serving as a com- 
mon electrode onto the surface of said resin 
layer; and 

sealing liquid crystal into said gap between 
said substrate and said resin film. ss 



25 
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arranging a plurality of first supporting mem- 
bers each being columnar on a substrate, said 
substrate being transparent and having a pixel 
electrode and a driving element connected to 
the pixel electrode thereon; 
forming a first adhesive layer onto said plurality 
of first supporting members; 
bonding a first resin film to said plurality of first 
supporting members by disposing the first 
resin film onto the first adhesive layer formed 
on said plurality of first supporting members 
and applying heat to the first resin film while 
maintaining a gap between said substrate and 
the first resin film; 

forming a first opening portion in the first resin 
film; 

forming a first pixel electrode on the first resin 
film and electrically connecting the first pixel 
electrode to a corresponding driving element 
on said substrate via the first opening portion; 
stacking one other resin film or more resin films 
by first stacking a second resin film while main- 
taining a gap between the first resin film and 
the second resin film by arranging a plurality of 
second supporting members on the first resin 
film bonded to said plurality of first supporting 
members; forming a second adhesive layer 
onto said plurality of second supporting mem- 
bers; bonding the second resin film to said plu- 
rality of second supporting members; forming a 
second opening portion in the second resin 
film; and forming a second pixel electrode on 
the second resin film and electrically connect- 
ing the second pixel electrode to a correspond- 
ing driving element formed on said substrate 
via the second opening portion; 
forming a plurality of uppermost supporting 
members on a resin film last stacked in a previ- 
ous stacking step and disposing an uppermost 
adhesive layer onto said plurality of uppermost 
supporting members so as to bond an upper- 
most resin film to said plurality of uppermost 
supporting members; 

forming a resin layer whose surface has a mul- 
tiplicity of fine convex and concave portions by 
applying a photo resist onto a surface of the 
uppermost resin film, subjecting the surface of 
the uppermost resin film to mask exposure, 
developing, and baking; 

forming a reflective film also serving as a com- 
mon electrode onto the surface of said resin 
layer; and 

sealing liquid crystal into said gap between 
said substrate and the first resin film and said 
gap between adjacent resin films. 



57. A method for fabricating a liquid crystal display 
device comprising the steps of: 



58. A liquid crystal display device comprising: 
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a plurality of resin films being stacked, said plu- 
rality of resin films including at least two resin 
films having electrodes thereon; 
liquid crystal layers each arranged between 
adjacent ones of said plurality of resin films 
stacked; 

a contact hole being formed so as to penetrate 
all of said plurality of resin films; 
at least part of each of predetermined elec- 
trodes of said electrodes being projected and 
exposed inside said contact hole; and 
said part of each of predetermined electrodes 
being in contact with a conductive member 
formed on an internal surface of said contact 
hole so as to connect said predetermined elec- 
trodes electrically. 

59. The liquid crystal display device of claim 58, 
wherein 

said plurality of resin films at least include a first 
resin film and a second resin film arranged 
above the first resin film; 
said contact hole has a larger size in the sec- 
ond resin film than in the first resin film; and 
the electrode on the first resin film is projected 
and exposed inside said contact hole. 



thereon and a second resin film having a sec- 
ond electrode thereon, the second resin film 
being stacked on the first resin film; and 
liquid crystal layers each arranged between 
5 said substrate and the first resin film tand 

between the first resin film and the second 
resin film; 

at least a first contact hole and a second con- 
tact hole each penetrating at least the first resin 
10 film and the second resin film when the first 

resin film and the second resin film are stacked 
on said substrate; 

a first conductive member being formed on an 
internal surface of the first contact hole in order 

15 to electrically connect the first driving element 

and the first electrode; and 
a second conductive member being formed on 
an internal surface of the second contact hole 
in order to electrically connect the second driv- 

20 ing element and the second electrode. 

64. The liquid crystal display device of claim 63, 
wherein part of each of the first electrode and the 
second electrode is exposed inside the first contact 
25 hole and the second contact hole so as to be con- 
nected with the first conductive member and the 
second conductive member. 



60. A liquid crystal display device comprising a plurality 
of resin films being stacked and having electrodes 
thereon, and liquid crystal layers each being 
arranged between adjacent ones of said plurality of 
resin films, wherein 



65. The liquid crystal display device of claim 64, 
30 wherein said part of each of the first electrode and 
the second electrode is projected and exposed 
inside the first contact hole and the second contact 
hole. 



a plurality of contact holes being formed so as 
to penetrate all of said plurality of resin films; 
and 

predetermined electrodes of said electrodes 
being electrically connected via each conduc- 
tive member formed on an internal surface of 
each of said plurality of contact holes. 

61. The liquid crystal .display device of claim 60, 
wherein part of each of said predetermined elec- 
trodes is exposed inside said plurality of contact 
holes so as to be connected with said each conduc- 
tive member. 

62. The liquid crystal display device of claim 61, 
wherein said part of each of said predetermined 
electrodes is projected and exposed inside said 
plurality of contact holes. 

63. A liquid crystal display device comprising: 

a substrate at least having a first driving ele- 
ment and a second driving element thereon; 
at least a first resin film having a first electrode 



35 66. The liquid crystal display device of claim 65, 
wherein the first contact hole and the second con- 
tact hole have a larger size in the second resin film 
than in the first resin film. 

40 67. A liquid crystal display device comprising: 

a substrate having a pixel electrode and a pixel 
switching element connected to the pixel elec- 
trode thereon; 

45 a plurality of resin films being stacked on said 

substrate, an uppermost resin film of said plu- 
rality of resin films having a common eisrS.vxJe 
thereon and remaining ones of said plurality of 
resin films having pixel electrodes thereon; 

so a plurality of liquid crystal layers each being 

arranged between said substrate and a lower- 
most resin film of said plurality of resin films 
and between adjacent ones of said plurality of 
resin films; 

55 a plurality of driving elements being arranged 

on said substrate and a corresponding one of 
said pixel electrodes arranged on said remain- 
ing ones of said plurality of resin films; 



59 



BNSDOCID: <EP O990942A 1.1 > 



117 



EP 0 990 942 A1 



118 



a plurality of cubic interconnection pads each 
being arranged between said substrate and the 
lowermost resin film and between adjacent 
ones of said plurality of resin films; 
a plurality of contact holes each penetrating all 
of said plurality of cubic interconnection pads 
and all of said plurality of resin films and corre- 
sponding to one of said pixel electrodes; and 
a plurality of conductive members each being 
formed on an internal surface of a correspond- 
ing one of said plurality of contact holes so as 
to electrically connect each of said plurality of 
driving elements to a corresponding one of 
said pixel electrodes. 

68. The liquid crystal display device of claim 67, 
wherein part of each of said pixel electrodes is 
exposed inside a corresponding one of said plural- 
ity of contact holes so as to be connected with a 
corresponding one of said plurality of conductive 
members. 

69. The liquid crystal display device of claim 68, 
wherein said part of each of said pixel electrodes is 
projected and exposed inside the corresponding 
one of said plurality of contact holes. 

70. The liquid crystal display device of claim 69, 
wherein said plurality of contact holes have a larger 
size in upper resin films than in lower resin films of 
said plurality of resin films. 

71. The liquid crystal display device of claim 58, 
wherein said electrodes are made of a material 
resistant to dry etching, and said contact hole is 
formed by a dry etching treatment. 

72. The liquid crystal display device of claim 59, 
wherein said electrodes are made of a material 
resistant to dry etching, and said contact hole is 
formed by a dry etching treatment. 

73. The liquid crystal display device of claim 65, 
wherein the first electrode and the second elec- 
trode are made of a material resistant to dry etch- 
ing, and the first contact hole and the second 
contact hole are formed by a dry etching treatment. 

74. The liquid crystal display device of claim 69, 
wherein said pixel electrodes formed on said 
remaining ones of said plurality of resin films are 
made of a material resistant to dry etching, and said 
plurality of contact holes are formed by a dry etch- 
ing treatment. 

75. A method for fabricating a liquid crystal display 
device comprising the steps of: 



stacking a plurality of resin films having elec- 
trodes thereon; 

forming a plurality of contact holes each pene- 
trating all of said plurality of resin films; and 
5 filling said plurality of contact holes with a con- 

ductive member so as to electrically connect 
predetermined ones of said electrodes each 
other via the conductive member. 

io 76. A method for fabricating a liquid crystal display 
device comprising the steps of: 

stacking a first resin film having a first electrode 
thereon and a second resin film having a sec- 

15 ond electrode thereon in that order onto a sub- 

strate having at least a first driving element and 
a second driving element; 
forming a first contact hole and a second con- 
tact hole each penetrating at least the first resin 

20 film and the second resin film; and 

filling the first contact hole with a first conduc- 
tive member and filling the second contact hole 
with a second conductive member so as to 
connect the first driving element and the first 

25 electrode via the first conductive member and 

to connect the second driving element and the 
second electrode via the second conductive 
member. 

30 77. A method for fabricating a liquid crystal display 
device comprising a plurality of resin films being 
stacked and having electrodes made from a mate- 
rial resistant to dry etching thereon; and a contact 
hole penetrating said plurality of resin films so as to 

35 electrically connect predetermined electrodes of 
said electrodes, said method comprising the steps 
of: 

forming only the predetermined electrodes 
40 onto corresponding ones of said plurality of 

resin films, and removing part of each of the 
predetermined electrodes where the contact 
hole is formed in a manner that said part 
removed is larger in upper ones of said plurality 
45 of resin films; and 

forming the contact hole by dry etching. 

78. A liquid crystal display device comprising: 

so a resin film; 

a wrinkle reduction layer being formed on said 
resin film and having a shock resistance to 
spattering; and 

an electrode being made of an inorganic mate- 
55 rial and formed on said wrinkle reduction layer 

by spattering. 

79. The liquid crystal display device of claim 78, 
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wherein thickness of said resin film is less than 10 
jim. 

80. The liquid crystal display device of claim 78, 
wherein said wrinkle reduction layer is made of one s 
of an organic resin containing silica particles and an 
acrylic resin. 

81. The liquid crystal display device of claim 78, 
wherein said resin film is. arranged on a substrate io 
with a spacer therebetween so as to keep a gap 
between said resin film and said substrate, said gap 
being filled with liquid crystal. 

82. A liquid crystal display device comprising: is 

a substrate being made of a transparent mate- 
rial and having a reflective film thereon; 
a sealing plate being formed so as to face the 
reflective film formed on said substrate; 20 
a liquid crystal layer being disposed between 
said substrate and said sealing plate; 
an opening portion formed on the reflective 
film; and 

a supporting member supporting said sealing 25 
plate and being arranged in a position between 
said substrate and said sealing plate, the posi- 
tion corresponding to the opening portion of the 
reflective film, and said supporting member 
being formed by exposing a photosensitive 30 
resin via the opening portion. 

83. The liquid crystal display device of claim 82, 
wherein the photosensitive resin is a negative type 
resist. 35 

84. The liquid crystal display device of claim 83, 
wherein said liquid crystal layer comprises a poly- 
mer and liquid crystal which is dispersedly held in 
the polymer. 40 

85. The liquid crystal display device of claim 82, 
wherein the photosensitive resin is a photosensitive 
polymer precursor contained in a mixture solution 
comprising liquid crystal for composing said liquid 45 
crystal layer and the photosensitive polymer precur- 
sor. 

86. The liquid crystal display device of claim 82, 
wherein so 

a plurality of liquid crystal layers and a plurality 
of sealing plates are arranged alternately on 
said substrate, and 

a plurality of supporting members for support- 55 
ing said plurality of sealing plates are each 
arranged in each position between adjacent 
ones of said plurality of sealing plates, said 



each position corresponding to the opening 
portion of the reflective film, said plurality of 
supporting members being formed by exposing 
the photosensitive resin via the opening por- 
tion. 

87. The liquid crystal display device of claim 86, 
wherein 

three liquid crystal layers and three sealing 
plates are arranged alternately, and 
the three liquid crystal layers each have guest 
host liquid crystal containing liquid crystal and 
a dichroic dye having a color of cyan, magenta, 
or yellow, each dichroic dye having a different 
color from remaining dichroic dyes. 

88. A method for fabricating a liquid crystal display 
device comprising the steps of: 

forming a reflective film having an opening por- 
tion onto a transparent substrate; 
forming a photosensitive resin layer onto said 
substrate having said reflective film thereon; 
exposing said photosensitive resin layer from 
said substrate side via the opening portion of 
said reflective film and hardening said photo- 
sensitive resin layer; 

forming a supporting member by removing part 
of said photosensitive resin layer by develop- 
ing, said part being prevented from being 
exposed due to shielding of said reflective film; 
bonding a sealing plate to said supporting 
member; and 

forming a liquid crystal layer between said sub- 
strate and said sealing plate by sealing liquid 
crystal thereinto. 

89. A method for fabricating a liquid crystal display 
device of claim 88, wherein said photosensitive 
resin layer is made from a negative type resist. 

90. The method for fabricating a liquid crystal display 
device of claim 88, wherein the step of forming said 
liquid crystal layer comprises the sub steps of: 

sealing a mixture solution into between sa'd 
substrate and said sealing plate, said mixture 
solution containing liquid crystal and a photo- 
sensitive polymer precursor; and 
exposing said mixture solution from said seal- 
ing plate side so as to harden the polymer pre- 
cursor contained in said mixture solution, 
thereby forming said liquid crystal layer com- 
prising polymer and the liquid crystal dispers- 
edly held in the polymer, and also fixing said 
sealing plate onto said substrate. 
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91. The method for fabricating a liquid crystal display 
device of claim 88, wherein the step of bonding said 
sealing plate to said supporting member comprises 
the sub steps of: 

5 

applying an adhesive agent onto at least one of 
said supporting member and said sealing 
plate; and 

fixing said sealing plate onto said substrate. 

10 

92. The method for fabricating a liquid crystal display 
device of claim 91 , wherein 

at least one of said sealing plate and said sup- 
porting member is made of a material piasti- 15 
cized by at least one of heat and pressure; and 
the step of fixing said sealing plate onto said 
substrate is conducted by applying at least one 
of heat and pressure while said sealing plate is 
being in close contact with said supporting so 
member. 

93. The method for fabricating a liquid crystal display 
device of claim 88, wherein at least one other liquid 
crystal layer is formed by conducting the steps of: 25 

forming a second photosensitive resin layer 
onto said sealing plate; 

exposing the second photosensitive resin layer 
via the opening portion of said reflective film 30 
and said supporting member from said sub- 
strate side so as to be hardened; 
forming a second supporting member by 
removing part of the second photosensitive 
resin layer by developing, said part being pre- 35 
vented from being exposed by shielding of said 
reflective film; 

bonding a second sealing plate to the second 
supporting member; and 

forming a second liquid crystal layer between 40 
said sealing plate and the second sealing plate 
by sealing liquid crystal thereinto. 

94. A method for fabricating a liquid crystal display 
device comprising the steps of : *s 

forming a reflective film having an opening por- 
tion onto a transparent substrate; 
arranging a supplemental supporting member 
in a predetermined region on said substrate, so 
said predetermined region is outside the open- 
ing portion of said reflective film; 
bonding a sealing plate to said supplemental 
supporting member; 

sealing a mixture solution into between said 55 
substrate and said sealing plate, said mixture 
solution containing liquid crystal and a photo- 
sensitive polymer precursor; and 



forming a supporting member by exposing said 
mixture solution from said substrate side via 
the opening portion and precipitating the poly- 
mer precursor contained in said mixture solu- 
tion in a position corresponding to the opening 
portion so as to harden the polymer precursor, 
and also making a liquid crystal layer from the 
liquid crystal contained in said mixture solution 
left unused for formation of said supporting 
member. 

95. The method for fabricating a liquid crystal display 
device of claim 94, wherein the step of arranging 
said supplementary supporting member comprises 
the sub steps of: 

forming a negative type resist layer onto said 
substrate having said r eflective film thereon; 
exposing said negative type resist layer via a 
predetermined mask pattern from an opposite 
side of said substrate so as to be hardened; 
and 

removing part of said negative type resist layer 
by developing, said part being prevented form 
being exposed by shielding of the mask pat- 
tern. 

96. The method for fabricating a liquid crystal display 
device of claim 94, wherein at least one other liquid 
crystal layer is formed by conducting the steps of: 

forming a second supplemental supporting 
member in a position corresponding to said 
supplemental supporting member formed on 
said sealing plate; 

bonding a second sealing plate onto the sec- 
ond supplemental supporting member; 
sealing a second mixture solution into between 
said sealing plate and the second sealing plate, 
the second mixture solution containing liquid 
crystal and a photosensitive polymer precur- 
sor; and 

forming a second supporting member by 
exposing the second mixture solution from said 
substrate side via the opening portion and said 
supporting member and precipitating the poly- 
mer precursor contained in the second mixture 
solution in a position corresponding to the 
opening portion so as to be hardened, and also 
making a second liquid crystal layer from the 
liquid crystal contained in the second mixture 
solution left unused for formation of the second 
supporting member. 

97. A method for fabricating a liquid crystal display 
device comprising the steps of: 

forming a reflective film having an opening por- 
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tion onto a substrate, said opening portion 
comprising a first opening portion and a sec- 
ond opening portion; 

forming a photosensitive resin layer onto said 
substrate having said reflective film thereon; 5 
covering the second opening portion with a first 
masking member from said substrate side, and 
exposing said photosensitive resin layer via the 
first opening portion from said substrate side 
so as to be hardened; 10 
forming a first-part supporting member of a 
supporting member by removing part of said 
photosensitive resin layer by developing, said 
part being prevented from being exposed by 
shielding o1 said reflective film and the first 15 
masking member; 

bonding a sealing plate to the first-part sup- 
porting member; 

sealing a mixture solution into between said 
substrate and said sealing plate, said mixture 20 
solution containing liquid crystal and a photo- 
sensitive polymer precursor; and 
forming a second-part supporting member of 
said supporting member by covering the first 
opening portion with a second masking mem- 25 
ber, exposing said mixture solution from said 
substrate side via the second opening portion, 
and precipitating the polymer precursor con- 
tained in said mixture solution in a position cor- 
responding to the second opening portion so 30 
as to be hardened, and also making a liquid 
- crystal layer from the liquid crystal contained in 
said mixture solution left unused for formation 
of the second-part supporting member. 

35 

98. The method for fabricating a liquid crystal display 
device of claim 97, wherein at least one other liquid 
crystal layer is formed by conducting the steps of: 

forming a second photosensitive resin layer 40 
onto said sealing plate; 

covering the second opening portion with the 
first masking member from said substrate side, 
and exposing the second photosensitive resin 
layer via the first opening portion and the first- 45 
part supporting member from said substrate 
side so as to be hardened; 
forming an additional first-part supporting 
member by removing part of the second photo- 
sensitive resin layer by developing, said part so 
being prevented form being exposed by shield- 
ing of said reflective film and the first masking 
member; 

bonding a second sealing plate to the addi- 
tional first-part supporting member; 55 
sealing a second mixture solution into between 
said sealing plate and the second sealing plate, 
the second mixture solution containing a liquid 



crystal and a photosensitive polymer precur- 
sor; and 

forming an additional second-part supporting 
member by covering the first opening portion 
with the second masking member from said 
substrate side, exposing the second mixture 
solution from said substrate side via the sec- 
ond opening portion and the second-part sup- 
porting member, and precipitating a polymer 
precursor contained in the second mixture 
solution in a position corresponding to the sec- 
ond opening portion so as to be hardened, and 
also making a second liquid crystal layer from 
the liquid crystal contained in the second mix- 
ture solution left unused for formation of the 
additional second-part supporting member. 

99. A liquid crystal display device comprising: 

a substrate made of a transparent material; 
a sealing plate arranged so as to face said sub- 
strate; 

a liquid crystal layer disposed between said 
substrate and said sealing plate; 
a light shielding film is formed on a predeter- 
mined region of said substrate; and 
a supporting member supporting said sealing 
plate and being arranged in a position between 
said substrate and said sealing plate where 
said light shielding film is formed, said support- 
ing member being formed by exposing part of a 
photosensitive resin where said light shielding 
film is not formed. 

100. The liquid crystal display device of claim 99, 
wherein said photosensitive resin is a positive type 
resist. 

101 .The liquid crystal display device of claim 99, 
wherein said light shielding film is made of a black 
resist. 

102. The liquid crystal display device of claim 99, 
wherein said liquid crystal layer comprises a poly- 
mer and liquid crystal which is dispersedly held in 
the polymer. 

103. The liquid crystal display device of claim 99, 
wherein 

a plurality of liquid crystal layers and a plurality 
of sealing plates are arranged alternately on 
said substrate, and 

a plurality of supporting members for support- 
ing said plurality of sealing plates are each 
arranged in each position between adjacent 
ones of said plurality of sealing plates, where 
said light shiielding film is formed, said plurality 
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of supporting members being formed by expos- 
ing said photosensitive resin via said part 
where said light shielding film is not formed. 

104. A method for fabricating a liquid crystal display s 
device comprising the steps of: 

forming a light shielding film in a predetermined 
region on a substrate; 

forming a photosensitive resin layer onto said 10 
substrate having said light shielding film ther- 
eon; 

exposing part of said photosensitive resin layer 
from said substrate side, said part correspond- 
ing to a region on said substrate where said is 
light shielding film is not formed; 
removing an exposed part of said photosensi- 
tive resin layer by developing, thereby forming 
a supporting member in a position correspond- 
ing to said predetermined region where said 20 
light shielding film is formed; 
bonding a sealing plate to said supporting 
member; and 

toning a liquid crystal layer between said sub- 
strate and said sealing plate by sealing liquid 25 
crystal thereinto. 

105. The method for fabricating a liquid crystal display 
device of claim 104, wherein said photosensitive 
resin layer is made of a positive type resist. 30 

106. The method for fabricating a liquid crystal display 
device of claim 104, wherein the step of forming 
said liquid crystal layer comprises the sub steps of: 

35 

sealing a mixture solution into between said 
substrate and said sealing plate, said mixture 
solution containing liquid crystal and a photo- 
sensitive polymer precursor; and 
exposing said mixture solution from said seal- 40 
ing plate side so as to harden the polymer pre- 
cursor contained in said mixture solution, 
thereby forming said liquid crystal layer com- 
prising polymer and liquid crystal dispersedly 
held in the polymer, and also fixing said sealing 45 
plate onto said substrate. 

107. The method for fabricating a liquid crystal display 
device of claim 104, wherein at least one other liq- 
uid crystal layer is formed by conducting the steps so 
of: 

forming a second photosensitive resin layer 
onto said sealing plate; 

exposing part of the second photosensitive ss 
resin layer, said part corresponding to the 
region of said substrate where said light shield- 
ing film is not formed; 



removing an exposed part of the second photo- 
sensitive resin layer, thereby forming a second 
supporting member in a position corresponding 
to said predetermined region where said light 
shielding film is formed; 
bonding a second sealing plate to the second 
supporting member; and 
forming a second liquid crystal layer between 
said sealing plate and the second sealing plate 
by sealing liquid crystal thereinto. 

108. A liquid crystal display comprising: 

a display layer being composed of a substrate 
having a common electrode on an internal sur- 
face thereof, a sealing plate supported by a 
supporting member arranged on the common 
electrode, a liquid crystal layer formed between 
said substrate and said sealing plate by sealing 
liquid crystal thereinto, and a pixel electrode 
disposed on a surface of said sealing plate, 
said surface being opposite said liquid crystal 
layer; 

an array substrate having a non-linear element 
for driving said liquid crystal layer and an out- 
put electrode being electrically connected with 
the non-linear element and supplying the pixel 
electrode with a driving voltage for driving said 
liquid crystal layer, said array substrate being 
disposed so as to face said substrate; 
a connection means having a function of elec- 
trical connection and a function of fixed con- 
nection, said connection means electrically 
connecting the pixel electrode and the driving 
electrode, and fixedly connecting said display 
layer and said array substrate. 

109. The liquid crystal display device of claim 108, 
wherein said connection means is made of an ani- 
sotropic conductive adhesive material. 

110. A liquid crystal display device comprising: 

a display layer being composed of a liquid crys- 
tal layer formed between a substrate and a 
sealing plate by sealing liquid crystal thereinto, 
said seaP.ng plate being supported by a sup- 
porting member arranged between said sub- 
strate and said sealing plate; and 
an array substrate having a non-linear element 
for supplying said liquid crystal layer with an 
electric field so as to light-control drive said liq- 
uid crystal layer, said array substrate being dis- 
posed so as to face said substrate, wherein 
said display layer comprises at least two liquid 
crystal layers; 

a first liquid crystal layer being formed between 
a common electrode formed on an internal sur- 
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face of said substrate and a first sealing plate 
by sealing liquid crystal thereinto, the first seal- 
ing plate being supported by a first supporting 
member arranged on the common electrode 
and having a first pixel electrode on a surface 5 
thereof opposite the common electrode; and 
a second liquid crystal layer being formed 
between the first sealing plate and a second 
sealing plate by sealing liquid crystal thereinto, 
the second sealing plate being supported by a 10 
second supporting member arranged on the 
first sealing plate and having a second pixel 
electrode formed on a surface thereof opposite 
the first pixel electrode; 

said array substrate comprises at least two is 
driving electrodes and at least two non-linear 
elements; 

a first driving electrode for supplying the first 
pixel electrode with a driving voltage for driving 
the first liquid crystal layer; 20 
a first non-linear element electrically connected 
with the first driving electrode; 
a second driving electrode for supplying the 
second pixel electrode with a driving voltage for 
driving the second liquid crystal layer; and 25 
a second non-linear element electrically con- 
nected with the second driving electrode; 
wherein said liquid crystal display device fur- 
ther comprises a first connection means and a 
second connection means each having a tunc- 30 
tion of electric connection and a function of 
fixed connection; 

a first connection terminal is electrically con- 
nected with the first driving electrode via the 
first connection means; 35 
a second connection terminal is electrically 
connected with the second driving electrode 
via the second connection means; and 
said display layer and said array substrate are 
fixedly connected via the first connection 40 
means and the second connection means. 

111. A liquid crystal display device comprising: 

a display layer being composed of a liquid crys- 45 
tal layer formed between a substrate and a 
sealing plate by sealing liquid crystal thereinto, 
said sealing plate being supported by a sup- 
porting member arranged between said sub- 
strate and said sealing plate; and so 
an array substrate having a non-linear element 
for supplying said liquid crystal layer with an 
electric field so as to light-control drive said liq- 
uid crystal layer, said array substrate being dis- 
posed so as to face said substrate, wherein ss 
said display layer comprises: 
a first liquid crystal layer being formed between 
a common electrode formed on an internal sur- 



face of said substrate and a first sealing plate 
by sealing liquid crystal thereinto, the first seal- 
ing plate being supported by a first supporting 
member arranged on said substrate and hav- 
ing a first pixel electrode on a surface thereof 
opposite the common electrode; 
a second liquid crystal layer being formed 
between the first sealing plate and a second 
sealing plate by sealing liquid crystal thereinto, 
the second sealing plate being supported by a 
second supporting member arranged on the 
first sealing plate and having a second pixel 
electrode formed on a surface thereof opposite 
the first pixel electrode; and 
a third liquid crystal layer being formed 
between the second sealing plate and a third 
sealing plate by sealing liquid crystal thereinto, 
the third sealing plate being supported by a 
third supporting member arranged on the sec- 
ond sealing plate and having a third pixel elec- 
trode formed on a surface thereof opposite the 
second pixel electrode; 

the first pixel electrode is electrically connected 
with a first connection terminal; 
the second pixel electrode is electrically con- 
nected with a second connection terminal; and 
the third pixel electrode is electrically con- 
nected with a third connection terminal; 
said array substrate comprises: 
a first driving electrode for supplying the first 
pixel electrode with a driving voltage for driving 
the first liquid crystal layer; 
a first non-linear element electrically connected 
with the first driving electrode; 
a second driving electrode for supplying the 
second pixel electrode with a driving voltage for 
driving the second liquid crystal layer; 
a second non-linear element electrically con- 
nected with the second driving electrode; 
a third driving electrode for supplying the third 
pixel electrode with a driving voltage for driving 
the third liquid crystal layer; and 
a third non-linear element electrically con- 
nected with the third driving electrode; 
said liquid crystal display device further com- 
prising a first connection means, a second con- 
nection means, and a third connection means 
each having a function of electrical connection 
and a function of fixed connection, wherein 
the first connection terminal and the first driving 
electrode are electrically connected via the first 
connection means; 

the second connection terminal and the sec- 
ond driving electrode are electrically connected 
via the second connection means; 
the third connection terminal and the third driv- 
ing electrode are electrically connected via the 
third connection means; and 
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said display layer and said array substrate are 
fixedly connected via the first connection 
means, the second connection means, and the 
third connection means. 

112. The liquid crystal display device of claim 111, 
wherein the liquid crystal composing the first liquid 
crystal layer, the second crystal layer, and the third 
liquid crystal layer is guest host liquid crystal con- 
taining liquid crystal and a dichroic dye having a 
color of cyan, magenta, or yellow, each dichroic dye 
having a different color from remaining dichroic 
dyes. 

11 3. A liquid crystal display device comprising: 

a display layer composed of a liquid crystal 
layer formed between a substrate and a sealing 
plate by sealing liquid crystal thereinto, said 
substrate having a common electrode on an 
internal surface thereof and said sealing plate 
being supported by a supporting member 
arranged on the common electrode; and 
an array substrate having a driving circuit for 
driving said liquid crystal layer and a plurality of 
pixel electrodes arranged at predetermined 
intervals and electrically connected to the driv- 
ing circuit, said array substrate being disposed 
so as to face said substrate; and 
a connection means for connecting said display 
layer with said array substrate. 

114. The liquid crystal display device of claim 113, 
wherein said sealing plate is made of a polymer 
resin whose thickness is in a range of 0.5 to 10 Jim 
inclusive. 

115. The liquid crystal display device of claim 113, 
wherein said substrate and said array substrate are 
made of a polymer resin. 

116. The liquid crystal display device of claim 114, 
wherein said substrate and said array substrate are 
made of a polymer resin.. 

11 7. A liquid crystal display device comprising: 

a display layer comprising a liquid crystal layer 
and a plurality of pixel electrodes, said liquid 
crystal layer being formed between a substrate 
and a sealing plate by sealing liquid crystal 
thereinto, said substrate having a common 
electrode on an internal surface thereof and 
said sealing plate being supported by a sup- 
porting member arranged on the common elec- 
trode, and said plurality of pixel electrodes 
being arranged at regular intervals on a surface 
of said sealing plate, said surface bang oppo- 



site the supporting member; 
a plurality of array substrates having a plurality 
of non-linear elements for driving said liquid 
crystal layer; and 
5 a connection means for connecting said display 

layer with said plurality of array substrates so 
as to electrically connect said plurality of pixel 
electrodes and said plurality of non-linear ele- 
ments. 

10 

118. The liquid crystal display device of claim 117, 
wherein said plurality of array substrates are 
arranged in a same plane; and 

is said display layer faces said plurality of array 

substrates within a range of each of said plural- 
ity of pixel electrodes being electrically con- 
nected to a corresponding one of said plurality 
of non-linear elements via said connection 

20 means. 

11 9. The liquid crystal display device of claim 117, 
wherein an optical color filter layer is disposed 
between said substrate and the common electrode. 

25 

120. The liquid crystal display device of claim 118, 
wherein an optical color filter layer is disposed 
between said substrate and the common electrode. 

30 121 .A method for fabricating a liquid crystal display 
device comprising a display layer composed of a 
substrate, a sealing plate, and a liquid crystal layer 
disposed therebetween, and an array substrate 
having a driving element for driving said liquid crys- 

35 tal layer, said method comprising the steps of: 

forming said display layer comprising the sub 
steps of: forming a common electrode on an 
internal surface of said substrate; forming a 

40 supporting member onto the common elec- 

trode; forming said sealing plate so as to be 
supported by said supporting member; forming 
said liquid crystal layer by sealing liquid crystal 
into between said substrate and said sealing 

45 plate; and forming a pixel electrode on a sur- 

face of said sealing plate, said surface being 
opposite said liquid crystal layer; 
providing said array substrate with the driving 
element and a driving electrode; and 

so electrically connecting the pixel electrode and 

the driving electrode via a connection means. 

122. The method for fabricating a liquid crystal display 
device of claim 121, wherein at least one other liq- 
55 uid crystal layer is formed by conducting the steps 
of: 

forming a second supporting member onto the 
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pixel electrode; 

forming a second sealing plate so as to be sup- 
ported by the second supporting member; 
forming a second liquid crystal layer by sealing 
liquid crystal into between said sealing plate 
and the second sealing plate; and 
forming a second pixel electrode on a surface 
of the second sealing plate, said surface being 
opposite the second liquid crystal layer. 

123. A method for fabricating a liquid crystal display 
device comprising: 

a first step of forming a common electrode on 
an internal surface of a substrate; 
a second step of forming a supporting member 
on the common electrode; 
a third step of forming a sealing plate so as to 
be supported by said supporting member; 
a fourth step ol forming a liquid crystal layer by 
sealing liquid crystal into between said sub- 
strate and said sealing plate; 
a fifth step of forming a pixel electrode on a sur- 
face of said sealing plate, said surface being 
opposite said liquid crystal layer; 
a sixth step of examining display conditions by 
supplying a voltage to the common electrode 
and the pixel electrode; 

a seventh step of providing an array substrate 
with a non-linear element for driving said liquid 
crystal layer and a driving electrode; and 
an eighth step of electrically connecting the 
pixel electrode and the driving electrode only 
when a display layer is in excellent display con- 
ditions, based on results of an examination 
conducted in the sixth step. 

124. A method for fabricating a liquid crystal display 
device comprising: 

a first step of forming a common electrode on a 
surface of a substrate; 

a second step of forming a supporting member 
on the common electrode; 
a third step of forming a sealing plate so as to 
be supported by said supporting member; 
a fourth step of forming a liquid crystal layer by 
sealing liquid crystal into between said sub- 
strate and said sealing plate; 
a fifth step of toning a pixel electrode on an 
array substrate so as to face the common elec- 
trode; 

a sixth step of providing said array substrate 
with a driving circuit for driving said liquid crys- 
tal layer; and 

a seventh step of bonding said array substrate 
to said substrate with an adhesive material. 
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125. A method for fabricating a liquid crystal display 
device comprising: 

a first step of forming a common electrode on a 
substrate; 

a second step of forming a supporting member 
on the common electrode; 
a third step of forming a sealing plate so as to 
be supported by said supporting member; 
a fourth step of arranging a plurality of pixel 
electrodes at regular intervals on a surface of 
said sealing plate, said surface being opposite 
said supporting member; 
a fifth step of forming a liquid crystal layer by 
sealing liquid crystal into between said sub- 
strate and said sealing plate; 
a sixth step of providing an array substrate with 
a plurality of non-linear elements for driving 
said liquid crystal layer; 
a seventh step of dividing said array substrate 
into at least two; and 

an eighth step of electrically connecting each 
of said plurality of pixel electrodes to a corre- 
sponding one of said plurality of non-linear ele- 
ments via a connection means. 



45 



55 



67 



BNSDOCID: <EP 0990942A1J. > 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 2 




69 

BNSDOCID: <EP 0990942A1. 1_> 



EP 0 990 942 A1 



Fig. 3 



CO 




O oo 



70 

BNSDOCID: <EP 0990942A1 J_> 



EP 0 990 942 A1 



Fig. 4 




BNSDOCfD: <EP_ . 0990942A1. ! > 



71 



EP 0 990 942 A1 



Fig. 5 




BNSDOCID: <EP 099O942A1 _ ]_> 



72 



EP 0 990 942 A1 




EP0 990 942 A1 



Fig. 7 



o 




o 




BNSDOCID: <EP 0990942A1 . 1_> 



74 



EP 0 990 942 A1 




75 

BNSDOCID: <EP 0990942A1_I> 



EP 0 990 942 A1 



Fig. 9 




76 

BNSDOCID: <EP 0990942A1 _l_> 



EP 0 990 942 A1 



Fig. 10 




BNSDOCID: <EP 0990942A1J > 



77 



EP 0 990 942 A1 



Fig. 11 




BNSDOCID: <EP__ 0990942A1J 



78 



Fig. 12 



EP 0 990 942 A1 



CO 



CO 



A. 



uO 



CO CO 



- -1 







L 




j 


i 




1 




































j 


j 


















L 






n 


























n 










I 


U 


ii 




n 





















CO 



oo 



BNSDOCID: <EP 0990942A1 J_> 



79 



EP 0 990 942 A1 



Fig. 13 




BNSDOCID: <EP 0990942A 1 ... I > 



80 



EP 0 990 942 A1 



Fig. 14 




81 

BNSDOCID: <EP 0990942A1_I_> 



EP 0 990 942 A1 




EP 0 990 942 A1 




83 

BNSDOCID: <EP 0990942A1_L> 



EP 0 990 942 A1 




84 

BNSDOCID: <EP 0990942A1 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 19 



152 




BNSDOCID: <EP. _0990942AlJ > 



86 



EP 0 990 942 A1 



Fig. 20 




BNSDOCID: <EP 0990942A1_I_> 



87 



EP 0 990 942 A1 




BNSDOCID: <EP 0990942A1 „l_> 



88 



EP 0 990 942 A1 



Fig. 22 



□ □□ □□□□□□ □ 

□ □ □ □ □ □ □ □ □ □ 

□ □ □ □ □ □ □ □ □ □ 

□ □ □ □ □ □ □ □ □ □ 

□ □□□□□□ □ □ □ 



□ □ □ □ □ 




BNSDOCID: <EP 0990942A1 . I > 



89 



EP 0 990 942 A1 



Fig. 23 




EP 0 990 942 A1 




BNSDOCID: <EP 0990942A1J, > 



91 



EP 0 990 942 A1 



Fig. 25 
(a) 




BNSDOCID: <EP 0990942A1_L> 



92 



EP 0 990 942 A1 



Fig. 26 




BNSDOCID: <EP 0990942A1_I_> 



EP 0 990 942 A1 



Fig. 27 




BNSDOCID: <EP 0990942A1 J_> 



94 



EP 0 990 942 A1 




BNSDOCID: <EP 0990942A1J_> 



95 



EP 0 990 942 A1 



Fig. 29 

(a) 

213b 206 2 ? 7 211 210 ?12b 220 




96 

BNSDOCID: <EP 0990942A1 J_> 



EP 0 990 942 A1 



Fig. 30 




BNSDOCID: <EP__ 0990942A1. I > 



EP 0 990 942 A1 



Fig. 31 




98 

BNSDOCID: <EP 0990942A1_I_> 



EP 0 990 942 A1 




.0990942A1 J. 



99 



EP 0 990 942 A1 



Fig. 33 




BNSDOClD:<EP 0990942A1..I. > 



100 



EP 0 990 942 A1 



Fig. 34 



i CO CO 




BNSDOCID: <EP 0990942A1. I > 



101 



EP 0 990 942 A1 



Fig. 35 




102 

BNSDOCID: <EP 0990942A1 J.s. 



EP 0 990 942 A1 



Fig. 36 




BNSDOCID: <EP 0990942A1 J_> 



103 



EP 0 990 942 A1 



Fig. 37 




BNSDOCID: <EP .. 0990942A 1 I > 



104 



EP 0 990 942 A1 



Fig. 38 




BNSDOCID: <EP 0990942A1_L > 



105 



EP 0 990 942 A1 




EPO 990 942 A1 



Fig. 40 




107 

BNSDOCID: <EP O990942A1 I > 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 42 




109 

BNSDOCID: <EP 0990942A1. 1. > 



EP 0 990 942 A1 



Fig. 43 




BNSDOCID: <EP 0990942A1 J_> 



110 



EP 0 990 942 A1 



Fig. 44 




111 

BNSDOCID: <EP 0990942A1_i_> 



EP 0 990 942 A1 



Fig. 45 




BNSDOCID: <EP O990942A1 J_> 



112 



EP 0 990 942 A1 



Fig.46 




«3 



BNSDOCID:<EP 0990&42A1 .t > 



113 



EP 0 990 942 A1 



Fig. 47 




114 

BNSDOCID; <EP 0990942A1_I_> 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 49 




BNSDOCID: <EP .. 0990942A 1 _ I . > 



116 



EP 0 990 942 A1 



Fig. 50 




CO 



117 

BNSDOCID: <EP 0990942A1 J_> 



EP 0 990 942 A1 



Fig. 51 




oo co 



118 

BNSDOCID; <EP 0990942A1 J_> 




BNSDOCID: <EP 0990942A1_L> 



119 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 54 




BNSDOCID: <EP__ 0990942A1 . 1 > 



121 



EP 0 990 942 A1 



Fig. 55 




BNSDOCID: <EP 0990942A1 J_> 



122 



EP O 990 942 A1 



Fig. 56 




BNSDOCID: <EP 0990942A1 J_> 



123 



EP 0 990 942 A1 



Fig. 57 




BNSDOCID: <EP _0990942A 1_L> 



124 



EP 0 990 942 A1 



Fig. 58 



CO 
CO 




oo cx> 



BNSDOCID: <EP 0990942A1 I > 



125 



EP 0 990 942 A1 



Fig. 59 




CO — ' 



126 

BNSDOCID: <EP 0990942AlJ_> 



EP 0 990 942 A1 



Fig. 60 




BNSDOCID: <EP 0990942A1J_> 



127 



EP 0 990 942 A1 



Fig. 61 




BNSDOCID: <EP__ 0990942A1J. > 



128 



EP 0 990 942 A1 



Fig. 62 




BNSDOCID: <EP 0990942A1 J. > 



129 



EP 0 990 942 A1 



Fig. 63 




39 



BNSDOCID: <EP 0990942A1 J_> 



130 



EP 0 990 942 A1 



Fig. 64 




131 

BNSDOCID: <EP 0990942A1 J_> 



EP 0 990 942 A1 




132 

BNSDOCID: <EP 0990942A1_I_> 



EP 0 990 942 A1 




133 

BNSDOCID: <EP 0990942A1 _l_> 



EP 0 990 942 A1 



Fig. 67 




£2 ro-^cvjoo—cvicnZIoyi CNJ 



BNSDOCID: <EP 0990942A1J_> 



134 



EP 0 990 942 A1 



Fig. 68 




314 317 



BNSDOCID: <EP 0990942A1 J. 



135 



EP 0 990 942 A1 



Fig. 69 




-Err- 



BIMSDOCID: <EP 0990942A1 J_ > 



136 



EP 0 990 942 A1 



Fig. 70 




137 

BNSDOCID: <EP 0990942A 1 J_> 



EP 0 990 942 A1 



Fig. 71 




BNSDOCIDkEP 0990942A1.I > 



138 



EP 0 990 942 A1 



Fig. 72 




139 

BNSDOCID: <EP 0990942A1 1 > 



EP 0 990 942 A1 



i. 



Fig. 73 




BNSDOCID: <EP . 0990942A1 I > 



140 



EP 0 990 942 A1 



Fig. 74 




^ co /ro co£J oocvj cvj 
J uco co^o rococo 



coco / <nj co £J co££ cvi 
CO <-> CO CO co CO co CO 



CO 



CO 



141 



BNSDOCID: <EP„,0990942A1 J > 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 76 




143 

BNSDOCID: <EP 0990942A1 _L> 



EP 0 990 942 A1 




EP 0 990 942 A1 



Fig. 78 




145 

BNSDOCID: <EP 0990942A1 I > 



EP 0 990 942 A1 



Fig. 79 



298 



297 296 295 




299 292 



146 

BNSOOCID: <EP 0990942A1J_> 



EP 0 990 942 A1 



Fig. 80 




BNSDOCID: <EP 0990942A1 J_> 



147 



EP 0 990 942 A1 



• < > 



Fig. 81 



Deviation 





BNSDOCIO: <EP 0990942A1..I.> 



148 



EP 0 990 942 A1 



Fig. 82 



Pitch 




BNSDOCtD: <EP 0990942A1 I > 



149 



EP 0 990 942 A1 



Fig. 83 




BNSDOCID: <EP 0990942Al_l_> 



150 



EP 0 990 942 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP99/01432 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 G02F1/1339, G02F1 / 1 34 7 , G02F1/1345, G02F1/1335, G02F1/1333 



According to International Patent Classification (IPC) or tohoth nation al classification and IPC 

B FIFLDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI* G02F1/1339, G02F1/1347, G02F1/1345, G02F1/1335, G02F1/1333 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1998 

Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan ToroJcu Koho 1996-1998 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUM ENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No, 


Y 


JP, 6-331970, A (Sanyo Electric Co., Ltd.), 


28 


A 


2 December, 1994 {02. 12. 94), 


1-27, 29-57 




Full text (Family: none) 




y 


JP, 9-160005, A (Seiko Epson Corp.), 


28, 58, 60-65, 




20 June, 1997 (20. 06. 97), 


67-69, 71-76 


A 


Full text (Family: none) 


1-27, 29-57, 






66, 70, 77 


A 


JP, 5-34730, A (Ricoh Co. , Ltd. ) , 


26-27, 56-57 




12 February, 1993 (12. 02. 93), 






Full text (Family: none) 




y 


JP, 10-54996, A (Sharp Corp.), 


58, 60-65, 




24 February, 1998 (24. 02. 98), 


67-69, 71-76, 




Full text (Family: none) 


119-120 


A 


59, 66, 70, 77 



T] Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: "T" later document published after the international filing dale or prion ry 
"A* document definiru? (he general slate of the an which is no I dale and not in conflict with the application bul cited io understand 

considered to be of particular relevance the principle or theory underlying the invention 
"R" earlier document but published on or after the international filing dale "X" document of particular relevance; the claimed invention canool be 
"L" document which may throw doubts on priority cUim(5) or which is considered novel nr cannot be considered 10 involve an inventive step 

cited io establish toe publication date of another citation or other when the document is taken alone 

special season (as specified^ "Y" document of particular relevance: the cfc.imed invention cannot he 
"O" document referring 10 an oral disclosure, use. exhibition or other considered to involve an inventive slop when the document is 

means combined with one or more other such documents, such combination 
"P" document published prior to the iaternalional Tiling date but later than being obvious to a person skilled in the art 

the priority dale claimed "A" document member of the same patent family 


Dale of the actual completion of the international search 
18 June, 1999 (18. 06. 99) 


Date of mailing of the international search report 

29 June, 1999 (29. 06. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1992) 



151 



BNSDOCID: <EP 0990942A1 I > 



EP 0 990 942 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/01432 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant lo claim No. 



X 
Y 



P, X 



P, A 



Pr X 

P, A 



P, X 
P, A 



JP f 9-258256, A (Toshiba Corp.), 
3 October, 1997 (03. 10. 97), 
Full text (Family: none) 



JP, 5-57831, A (Fujimori Kogyo Co., Ltd), 
9 March, 1993 (09. 03. 93), 
Full text (Family: none) 

JP, 8-248425, A (International Business Machines 
Corp. ) , 

27 September, 1996 (27. 09. 96), 

Full text & US, 5739890, A £ EP , 725303, Al 

JP, 10-62789, A (Sharp Corp.)* 
6 March, 1998 (06. 03. 98), 
Full text (Family: none) 

JP, 4-56920, A (Matsushita Electric Works,Ltd.), 
24 February, 1992 (24. 02. 92), 
Full text (Family: none) 

JP, 9-90327, A (Sharp Corp.), 
4 April, 1997 (04- 04. 97), 
Full text (Family: none) 

JP, 10-260427, A (Toshiba Corp.), 
29 September, 1998 (29. 09. 98), 
Full text (Family: none) 



JP, 11-30781, A (Matsushita Electric Industrial 
Co . , Ltd. ) , 

2 February, 1998 (02. 02. 98), 
Full text (Family: none) 

JP, 10-213790, A (Matsushita Electric Industrial 
Co., Ltd.), 

11 August, 1998 (1?.. 08- 98), 
Full text (Family: none) 



108, 110-118, 
121-125 
58, 60-65, 

67-69, 71-76, 
119-120 

1-57, 66, 70, 
77, 109 

78-81 



82-107 



82-107 



85, 90, 97-98 



85, 90, 97-98 



58, 60-65, 
67-69, 71-75, 
108, 110-118, 

121-125 
29-55, 57, 59, 
66, 70, 109, 
119-120 

58-77 
29-55, 57 



58-77 
29-55, 57 



Form PCT/ISA/210 (conlinuation of second sheel) (July 1992) 



152 

BNSDCCID: <EP 0990942A1_L> 



EP 0 990 942 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/01432 



Box 1 Observations where certain claimi were fonnd unsearchable (Con tin oat kin of Item 1 of firtt sheet) 



This international search report has not been established in respect of certain claims under Article I7(2)(ft) for the following reasons: 
I. Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. □ Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box 11 Observation* where natty of invention u lacking (Continuation of ken 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 
The inventions of claims 1 to 57 relate to an art of joining a resin film 
to a support member. 

The inventions of claims 58 to 77 relate to an art of establishing electrical 
connection by forming a contact hole in a resin film. 

The inventions of claims 78 to 81 relate to an art of providing a crease-relaxing 
layer to a resin film. 

The inventions of claims 82 to 107 relate to an art of providing a support 
As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



I. £x) 

2 □ 
3 - □ 



4. [ ~[ No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted lo the invention first mentioned in the claims; it is covered by claims Nos.; 



Remark oo Protest [ [ The additional search fees were accompanied by the applicant's protest 
|"x"| No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (I)) (July 1992) 



153 

BNSDOCID: <EP 0990942A1_I_^ 



EP 0 990 942 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/01432 



Continuation of Box No. II of confirmation of first ^h^^t Ml 
member by using an opening formed in a reflecting film. 

The inventions of claims 108 to 112, 117 to 123, and 125 relate to an art 
of connecting an array substrate on which a driving element is provided to 
a pixel electrode of a display layer. 

The inventions of claims 113-116, and 124 relate to an art of using an array 
substrate provided with a pixel electrode. 



Form PCT/1SA/210 (extra sheet) (July 1992) 



154 



BNSDOCID: <EP 0990942A1.I> 



